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CORRELATION TO THE NSW SYLLABUS
FOR THE AUSTRALIAN CURRICULUM:
SCIENCE STAGE b

Insight Science 9 Insight Science 10

2 The Periodic Table

3 Understanding and Managing
Ecosystems

6 Energy on the Move

1 Genetics and Biotechnology
2 Evolution

3 Chemical Reactions

4 Using Chemistry

5 Objects in Motion

6 The Universe

Stage 5 outcomes
A student:
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SC5-4WS _develqps quest_ions_ or hypotheses to be
investigated scientifically

produces a plan to investigate identified
SC5-5WS | questions, hypotheses or problems, individually
and collaboratively

undertakes first-hand investigations to collect
SC5-6WS | valid and reliable data and information, individually
and collaboratively

processes, analyses and evaluates data from a
first-hand investigation and secondary sources
to develop evidence-based arguments and
conclusions

SC5-7WS

Working Scientifically Skills

applies scientific understanding and critical
thinking skills to suggest possible solutions to
identified problems

SC5-8WS

presents science ideas and evidence for a
particular purpose and to a specific audience,
using appropriate scientific language, conventions
and representations

applies models, theories and laws to explain
situations involving energy, force and motion

explains how scientific understanding
SC5-11PW | about energy conservation, transfers and
transformations is applied in systems

SC5-9WS

SC5-10PW

Energy transfer through different mediums can be
PW1 | explained using wave and particle models. (ACS-
SuU182)

The motion of objects can be described and predicted
using the laws of physics. (ACSSU229)

Scientific understanding of current electricity has
resulted in technological developments designed
to improve the efficiency in generation and use of
electricity.

Physical World
h)
S

Energy conservation in a system can be explained
PW4 | by describing energy transfers and transformations.
(ACSSU190)

OXFORD INSIGHT SCIENCE 10



SC5-12ES

A de

describes changing ideas about the structure

of the Earth and the universe to illustrate how
models, theories and laws are refined over time by
the scientific community

SC5-13ES

explains how scientific knowledge about global
patterns of geological activity and interactions

involving global systems can be used to inform
decisions related to contemporary issues

EST

Scientific understanding, including models and
theories, are contestable and are refined over
time through a process of review by the scientific
community. [ACSHE157, ACSHE191)

ES2

The theory of plate tectonics explains global patterns
of geological activity and continental movement.
[ACSSU180)

ES3

People use scientific knowledge to evaluate claims,
explanations or predictions in relation to interactions
involving the atmosphere, biosphere, hydrosphere
and lithosphere. [ACSHE 160, ACSHE194]

SC5-14LW

analyses interactions between components and
processes within biological systems

SC5-15LW

explains how biological understanding has
advanced through scientific discoveries,
technological developments and the needs of
society

Lw1

Multicellular organisms rely on coordinated and
interdependent internal systems to respond to
changes in their environment. [ACSSU175]

LwW2

Conserving and maintaining the quality and

sustainability of the environment requires scientific
understanding of interactions within, the cycling of
matter and the flow of energy through ecosystems.

LW3

Advances in scientific understanding often rely

on developments in technology, and technological
advances are often linked to scientific discoveries.
[ACSHE158, ACSHE192)

LW4

The theory of evolution by natural selection explains
the diversity of living things and is supported by a
range of scientific evidence. [ACSSU185]

SC5-16CW

explains how models, theories and laws about
matter have been refined as new scientific
evidence becomes available

SC5-17CW

discusses the importance of chemical reactions in
the production of a range of substances, and the
influence of society on the development of new
materials

cwi

Scientific understanding changes and is refined over
time through a process of review by the scientific
community.

cw2

The atomic structure and properties of elements
are used to organise them in the periodic table.
[ACSSU186]

Ccw3

Chemical reactions involve rearranging atoms to
form new substances; during a chemical reaction
mass is not created or destroyed. [ACSSU178)

CW4

Different types of chemical reactions are used to
produce a range of products and can occur at different
rates and involve energy transfer. [ACSSU187)




WHAT IS INSIGHT SCIENCE?

Oxford Insight Science is a comprehensive and flexible suite of resources
designed specifically to address the NSW Syllabus for the Australian
Curriculum: Science. Engaging content and activities for a range of
abilities enable students to develop deep understanding of science
concepts and transferable scientific skills, which promote scientifically
literate citizenship.

FOUR STRANDS OF SCIENCE

Knowledge and Understanding of Science has been classified into four main strands of
content and ideas. Within each strand, core concepts build on the previous year as students
progress through the stages.

Physical World 'Earth and Space |

Forces, motion, energy transfers and The Earth and its place in the solar system,
transformations, and the contribution of the development of models and theories,
scientific and technological development to resource use and management, and

solving problems geological activity

Structure and function of living things, Properties of matter and arrangement
classification, interactions between living of particles, relating properties to uses,
things and their environment, and the chemical reactions produce new substances,
advancement of biological understanding and the refinement of models, theories and
through technological development laws with new scientific evidence

WORKING SCIENTIFICALLY

Knowledge and understanding of scientific ideas is gained through the application of
scientific skills. The development of these key skills enables students to transfer them to new
situations and, through inquiry, discover new ideas for themselves. The use of scientific skills
promotes deeper understanding of and greater engagement with content.

The Working Scientifically skills of the NSW Syllabus are scaffolded and integrated
throughout all experiments and activities within the Oxford Insight Science series:

Questioning and predicting
Identifying problems, and developing predictions and testable hypotheses
Planning investigations

Collaboratively and individually develop plans to investigate questions, problems and
hypotheses

viii OXFORD INSIGHT SCIENCE 10



Conducting investigations
Collaboratively and individually follow

instructions to safely conduct
investigations and collect valid and ‘

reliable data
Processing and analysing data and |
information

Process and analyse first- and second- |

hand data to identify trends and
|
relationships and to draw conclusions

based on evidence

Problem solving ‘
Develop and use appropriate
strategies to produce plausible ,
solutions for problems
Communicating

Present science ideas in a manner, language and
presentation type appropriate for a specific purpose or audience

Step-by-step instructional diagrams model
correct scientific skills and techniques in

experiments

ENGAGING LEARNING

Each Student Book chapter is designed to visually and creatively engage students with
beautiful artwork, photographs, case studies, source material and in-depth coverage of
each topic being studied. Supported by numerous experiments and activities suitable for
classrooms and different learning styles, all students have the opportunity to engage with

science and their own learning.
Question blocks throughout

the text for constant review
of knowledge and concepts.

Spectacular and
current photography
bring science to life.

e size and shape of the beak to account for the
d food types. Report back to the class and try.
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desolate and the only plants present struck
Darwin as ‘wretched-looking weeds'. As he
walked across Chatham (San Cristobal) Island's
rugged lava surface, Darwin came actoss two
huge tortoises ambling along a well-beaten,

path.

A few days before Day
Galapagos Islands, the Islands' Vice-Governor
remarked that he could tell which island a

tortoise came from by the shape of its shell.
‘This provided Darwin with the inspiration he

nds.
Galapagos finches that led Darwin to believe they

should be classified as several new species. . 1
Apply 4 -
4 Propose a piece of evidence that refutes | >
Lamarck's theary of inheritance of acquii =) .
characteristics. .
2.9). Suggest how Lamarck would accour LY

.

5 Fennec foxes have particularly large ears (Figure
nt for this ~
of the (=g

characteristic.
or west islands

6 Recal
Gala
the il
found there.

red

slands differ: the shape of the tortoise’s shell
depends on its environment, which varies
significantly depending on the island. Tortoises

that live on dry islands, such as Espafiola

with dense vegetation have domed shells to
help them push through the shrubbery.

icaand
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INTEGRATED TEACHING AND LEARNING SUPPORT
obook + assess

Access to Oxford’s electronic book format — the obook — is included with this Student Book
and offers online and offline access to the complete Student Book in an easy-to-read format
for any screen size, with multimedia links, interactive learning objects, videos, note-taking
tools and dynamic question blocks. Oxford’s obook is compatible with laptops, iPads, tablets
and IWBs. assess provides 24/7 online assessment designed to support individual student
progression and learning.

Annotation tools give students
the opportunity to personalise
their learning experience

Type in and save
work as you go.

Flexible navigation options
take you where you want to go.

Workbook
Processing and

analysing data Oxford Insight Science is supported by a Workbook for each of the years 7-10. The Workbooks
provide extra practice of key skills and encourage an inquiry-based approach
to learning — perfect for use in class or for homework.

obook + assess teacher

obook and assess teacher includes all content from the Student Book with a huge range of
teaching support for mixed ability classes:

« Comprehensive syllabus mapping and customisable teaching programs.

» Hundreds of teaching strategies, additional activities and lesson planning tips.

» Checkpoint worksheets, differentiated to suit different abilities and learning styles.

» Advice on addressing common misconceptions.

» Support for Student Book experiments, student-designed investigations and activities,
including risk assessment templates.

» Suggested answers to all Student Book and Workbook questions.
+ Ability to assign reading and extras to students or classes.

» Access to a testbank (of unseen questions), auto-marking assessments and class progress
and results.

X OXFORD INSIGHT SCIENCE 10



ANSWER

In the senior sciences, questions asked in examinations are often phrased as statements, which
begin with a verb such as ‘identify’ or ‘justify’. While not all questions are structured in this
way, it is important to learn how to respond to these types of questions. In this book, many

of the questions start with these verbs. The table below gives a quick guideline to the level of
response and the types of information required for some of the verbs that you are likely to

come across.

Recall
Identify
Define
Outline
Calculate
Deduce
Account
Predict
Describe
Distinguish
Compare

Contrast

Interpret

>
=
x
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92
o
£
o
o
=
o
=
]
o
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Propose

Explain

Analyse

Justify

Discuss

Assess

Evaluate

NG SCIENCE QUESTIONS

Explanation

Usually based on a simple fact or theory. Requires you to remember ideas or facts and present them.

Can be completed in a sentence or two. Recognise the content and name certain features.

Identify the main qualities and/or state the meaning.

Give the main features of something in general terms.

Use calculations to determine information from facts or figures.

Make conclusions based on information given.

Give reasons for the statement/s made.

Suggest what may happen. This usually needs to be based on the information available.

Give features and characteristics.

Note how things are different.

Show how things are different and similar.

Show how things are different. Contrast is often used with compare in order to look at both similarities and
differences.

Usually refers to figures, diagrams or graphs. Find meaning of the trends, or draw meaning from the diagrams.

Usually used in conjunction with other verbs, ‘propose’ typically requires you to put forward an action.

Give reasons for the statement/s made relating cause and effect. Generally, you will need to link ideas and
statements by looking at the relationship between them.

Identify the key components of the context and explain the relationship/s between them. Relate cause and effect
and relate this to implications.

Support a statement, argument or conclusion based on your understanding and/or scientific knowledge. This
usually requires you to explain your reasoning in order to justify a statement.

Provide points for and against a particular issue. This usually requires you to use evidence from given information
as well as your background understanding.

Based on the information given, and through thorough discussion, make a judgement regarding the content. A
question beginning with the verb ‘assess’ is typically an extended response requiring a high level of succinctness
and depth in the answer. Ensure you include a judgement statement based on the evidence you provide.

Similar to an assess question, an evaluate question requires you to make a judgement. The key difference is that
evaluations require a judgement based on a given criteria and require you to make a statement regarding the
value of the context.

Xi



GENETICS AND
BIOTECHNOLOGY

Over hundreds of millions of years, an incredibly diverse range of living things has evolved on the
Earth. This variety enables each organism to occupy a slightly different niche in the environment.

Variation in the physical make-up and behaviour between organisms is controlled by an amazing
molecule called DNA.

e m "
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DNA AND THE GENETIC CODE 1 .1

DNA is often called the blueprint of an organism and contains all the information required
to produce a functioning cell. DNA is a long, chain-like molecule made up of just four units
repeated in varying orders. The sequence of these units forms the genetic code, which
provides the instructions for making proteins. DNA is passed from parents to offspring

via gametes that fuse together to form unique combinations.

Students:

» identify that genetic information is coded in lengths of DNA called genes,

which are joined together as chromosomes

» outline the Watson-Crick model of DNA, and how it applies to replication and mutation
» relate the structure and function of human reproductive organs

GENETIC INHERITANCE 1 .2

About 100 years before the genetic code of DNA was identified, Gregor Mendel discovered
that genes and their different combinations are inherited by offspring from their parents. He
determined that the phenotype, or physical manifestation, of an individual is dependent on
the combination of alleles and that some alleles, are dominant over others. The patterns of
inheritance established by Mendel still hold true today.

Students:

» identify that heritable characteristics are controlled by the transmission
of genes and chromosomes

GENE TECHNOLOGY 1 .3

Technologies such as genetic sequencing enable geneticists to locate and identify mutations,
and to insert new genes into faulty DNA to repair it. Useful genes from one species can be
inserted into the DNA of a different species to create transgenic organisms with particular

characteristics that benefit humans. The scope and applications of gene technology is vast,
but just because we have the technology, it does not necessarily mean we should always
use it. Many gene technologies involve ethical issues that must be considered.

Students:

» describe how developments in genetic technology have advanced medical understanding
» discuss some ethical advantages and disadvantages of biotechnology

» assess the role of computers in DNA sequencing and analysis (additional content)

» research the applications of bioinformatics (additional content]



DNA AND THE GENETIC CODE

In 1953, James Watson and Francis Crick were the first scientists to determine
the structure of DNA. This molecule is contained within the cells of all living
organisms and it controls all the characteristics of life. The structure of human
DNA is now well understood. However, genetic research continues so that we can

understand the genomes of other species, how genes from different organisms

caninteract, and how this information can be used to improve our lives and health.

THE STRUCTURE OF DNA

Deoxyribonucleic acid (DNA) exists within
all living cells and is like a blueprint for every
structure and function in an organism. It
contains a code unique to the individual that
can be passed to offspring, generation after
generation. The DNA molecules of all living
things on the Earth have the same general
structure, but each species has its own unique
DNA that defines the species. There are

also slight differences in the DNA between
individuals within a species, which is why we
are all unique. Understanding the structure
of DNA enables us to explain not only the
similarities that exist between and within
species, but also the differences.

Watson and Crick

James Watson and Francis Crick (Figure 1.1)
worked together at the University of Cambridge
in the United Kingdom during the early 1950s.
Watson was a young chemist from the United
States and Crick was a physicist from the
United Kingdom. As a team they unravelled
the secret of the DNA structure; however, they
performed no experiments themselves. Instead,
their talent lay in interpreting secondary data -
the experimental results of others.

There was a lot of information available
about DNA when Watson and Crick began
their investigation. This information included

the following:

Figure 1.1 Watson and
Crick working on their
model of DNA. Note the
diagram on the wall.

4 OXFORD INSIGHT SCIENCE 10 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



« DNA was known to be a large, long,
thin molecule composed of units called
nucleotides containing the nitrogenous
bases adenine (A), guanine (G),
cytosine (C) and thymine (T).

* Russian biochemist Phoebus Levene
thought the four bases were arranged in
a fixed, repeating pattern.

* American biochemist Linus Pauling’s work

on proteins led him to believe that DNA
had a helical or spiral structure.

« X-ray crystallography pictures of DNA
(Figure 1.2b) from the laboratories of

Maurice Wilkins and Rosalind Franklin of
King's College, London, showed markings

that almost certainly indicated the turns
of a giant helix.

« American biochemist Erwin Chargaff’s

data indicated that the amount of adenine
equalled the amount of thymine, and that

the amount of guanine equalled the
amount of cytosine.

Watson and Crick tried to put all this
information together and build a model of
the structure of DNA. In February 1953 they

completed their model, which established the now
familiar structure of DNA - the double helix.

An incredible woman

Rosalind Elise Franklin - Pioneer
molecular biologist (born 25 July 1920,
died 16 April 1958)

There is probably no other woman scientist
with as much controversy surrounding her
life and work as Rosalind Franklin. Franklin

was responsible for much of the research and
discovery work that led to the understanding

of the structure of deoxyribonucleic acid,

DNA. The story of DNA is a tale of competition
and intrigue, told one way in James Watson’s

book, The Double Helix, and in quite another
in Anne Sayre’s study, Rosalind Franklin and
DNA. In 1962, only James Watson, Francis

Crick and Maurice Wilkins received the Nobel
Prize for the double-helix model of DNA, four

years after Franklin’s death at age 37 from
ovarian cancer.

Figure 1.2 (a) Rosalind
Franklin and (b) the X-ray
crystallography that she
took of DNA.

Figure 1.3 Rosalind
Franklin hard at work.



Franklin excelled at science and attended one of the few girls’ schools in London that
taught physics and chemistry. When she was 15, she decided to become a scientist. Her
father was decidedly against higher education for women and wanted Rosalind to be a social
worker. Ultimately he relented, and in 1938 she enrolled at Newnham College, Cambridge,
graduating in 1941. She held a graduate fellowship for a year, but quit in 1942 to work at the
British Coal Utilization Research Association, where she made fundamental studies of carbon
and graphite microstructures. This work was the basis of her doctorate in physical chemistry,
which she earned from Cambridge University in 1945.

She then spent three years (1947-1950) in Paris at the Laboratoire Central des Services
Chimiques de L'Etat, where she learned X-ray diffraction techniques. In 1951, she returned to
England as a research associate in John Randall's laboratory at King’s College, London.

There she crossed paths with Maurice Wilkins. She and Wilkins led separate research
groups and had separate projects, although both were concerned with DNA. Randall gave
Franklin responsibility for her own DNA project. Wilkins was away at the time, and when
he returned he misunderstood her role, behaving as though she were a technical assistant.
Both scientists were actually peers. His mistake, acknowledged but never overcome, was not
surprising given the climate for women at the university then. Only men were allowed in the
university dining rooms, and after hours Franklin’s colleagues went to men-only pubs.

But Franklin persisted on the DNA project. J. D. Bernal called her X-ray photographs of DNA,
‘the most beautiful X-ray photographs of any substance ever taken’. Between 1951 and 1953
Rosalind Franklin came very close to solving the DNA structure. Crick and Watson beat her to
publication, in part because of the friction between Wilkins and herself. At one point, Wilkins
showed Watson one of Franklin’s crystallographic portraits of DNA. When he saw the picture,
the solution became apparent to him, and the results went into an article in Nature almost
immediately. Franklin’s work did appear as a supporting article in the same issue of the journal.

A debate about the amount of credit due to Franklin continues. What is clear is that she did
have a meaningful role in discovering the structure of DNA and that she was a scientist of the
first rank. Franklin moved to J. D. Bernal's lab at Birkbeck College, where she did very fruitful
work on the tobacco mosaic virus. She also began work on the polio virus. In the summer of
1956, Rosalind Franklin became ill with cancer. She died less than two years later.

© Merry Maisel and Laura Smart, San Diego Supercomputer Centre,
University of California, San Diego

Questions

1 Discuss (in groups and then as a whole class) the controversy surrounding Rosalind
Franklin's role in the discovery of DNA, and her impact on science.

2 |sthe language in the article intended for the general public or the scientific community?
Explain your answer.

The double helix

DNA is a type of nucleic acid. Nucleic

Sugar - phosphate chain—__

acids are specific types of chemical, like
Nucleotide proteins, lipids or carbohydrates. There are
two main types of nucleic acids: DNA and

RNA (ribonucleic acid). Nucleic acids are

«

1\

up of repeating units (nucleotides in this

Figure 1.4 The double helix is composed of two sugar-phosphate chains joined case). The Watson~-Crick model of DNA as
together by complementary pairs of nucleotides. a double-helix structure can be likened to a

polymers, which are chemical structures made

ladder twisted into a spiral.

AUSTRALIAN CURRICULUM FOR NSW STAGE 5



NUCLEOTIDES

A nucleotide is the basic unit of nucleic acids.
Nucleotides are complex molecules made up of
three components:

* anitrogenous base

+ afive-carbon sugar

» aphosphate group.

itrogenous hase
| Nitrogenous b
0 (A.G.CorT)
I
0=P—0 CH,
| DNA
0 0 nucleotide
Phosphate C( HOSC
group [\l |/ |
o H n
Sugar
(deoxyribose)

Figure 1.5 The structure of a DNA nucleotide.

DNA contains the sugar deoxyribose and
the four bases adenine (A), guanine (G),
cytosine (C) and thymine (T).

Nucleotides are joined together by their
sugar and phosphate groups. This forms a
sugar—-phosphate backbone. The bases are
attached to the sugars and are at right angles to
the sugar-phosphate backbone, like the rungs
in a ladder. Any number of nucleotides can join
together, in any order, to form the nucleic acid
polymer, or polynucleotide chain.

One of the greatest achievements of Watson
and Crick was their realisation that bases on one
polynucleotide strand are bonded to bases on
the other strand, with A always bonding with T,
and G always bonding with C. The implications
of the results of Chargaff’s research, with
DNA containing similar percentages of A and
T, and C and G, were suddenly obvious. These
base pairs are called complementary bases or
complementary base pairs.

Two polynucleotide chains, or strands, are
attracted to each other due to the chemical
nature of the complementary bases. This is
important for the easy ‘unzipping’ of the ladder
during replication. A large base (adenine or
guanine) is always bonded to a small base
(thymine or cytosine) because this gives a
consistent amount of space between the strands.

The two chains then wind into a double helix.

CH P.

Figure 1.6 Two polynucleotide strands held
together with hydrogen bonds between
complementary base pairs.

RNA is a single-stranded polynucleotide
with a similar sugar-phosphate backbone to
that of DNA. However, RNA contains the sugar
ribose and the four bases adenine (A), guanine
(G), cytosine (C) and uracil (U). RNA plays a
key role in protein synthesis.

1.1 DNA AND THE GENETIC CODE 7



ACTIVITY 1.1.1: MODELLING DNA

What you need: coloured card, scissors, sticky tape, paper clips

Use the materials provided, or other craft materials available, to construct an accurate
representation of the DNA double helix. Features that must be represented are pairing
between the complementary bases, the structure of the sugar-phosphate backbone and
the hydrogen bonding between strands.

Genes and chromosomes

DNA is located in the nucleus of organisms, where it looks a little like a tangled pile of cotton
threads. Theoretically, the polynucleotide strands can be infinitely long, but they actually form
specific lengths called chromosomes. The number of chromosomes per cell and the length of
each chromosome vary between species. However, the number of chromosomes is not necessarily
an indication of organism complexity. Table 1.1 shows the number of chromosomes of a variety of
different organisms.

Table 1.1 Chromosome numbers in various organisms.

m Number of pairs of chromosomes | Total number of chromosomes

Drosophila (fruit fly) 4 8
Kangaroo 6 12
Amoeba 6 12
Pea 7 14
Yeast 16 32
Cat 19 38
Human 23 46
Dingo 39 78
Shrimp 127 254
Fern 600 1200
Cell R~

Chromosome The number of chromosomes per species is

Nucleus always an even number because chromosomes

DNA

exist in homologous pairs. During sexual
reproduction, each parent provides one set of
chromosomes. The chromosomes are paired
according to their length, which is determined
by the genes they carry. A gene is a length of
DNA that has a specific sequence of base pairs
and codes for a particular characteristic. For
example, a gene may have the information

j - for making the melanin (a pigment that gives
“"T\ colour to your skin), for making insulin, or
L0 even for determining shape of your hairline. A
Fi?”'_'e 1-:_The ¢ ‘ i 9 single chromosome may have hundreds or even
relationshi y
between D,F\), A, ' thousands of genes.

genes and
chromosomes.

Base pairs

8 OXFORD INSIGHT SCIENCE 10 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



Chromosomes can be extracted from a cell, stained and photographed through a digital

microscope. The image is called a karyotype and is used to identify chromosomal abnormalities.
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Figure 1.8 A karyotype of a female human.

Aim
To extract and observe DNA from cells.

Part A

22

17 18

Materials

» 100 g dried peas or frozen peas [thaw first)
e 200 mL water

e 6 gtablesalt

e 20 mL dishwashing liquid

e 1g meattenderiser

e Blender

e 1L beaker

e Sieve

e Stirring rod or spoon

e Timer

1.1 DNA AND THE GENETIC CODE 9
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1 Dissolve the salt in the water.

Combine the peas and salty water in the blender. Mix for 15 seconds to form a lumpy
liquid in which the peas are only just broken up. Do not overblend.

3 Pour the contents through a sieve into the 1L beaker. Discard the pulp in the sieve.

4 Add the dishwashing liquid to the filtrate and stir gently to avoid making bubbles. Stir
for 8 minutes.

5 Add the meat tenderiser and continue to stir gently for another 2 minutes. This mixture
is the source of DNA needed for Part B of the experiment.

Part B

> Ethanol is flammable. Keep well away from naked flames.

e Test tubes and test tube holder ¢ Microscope
* |ce-cold ethanol e Clean microscope slides and cover slips
e Skewer or glass stirring rod e Methylene blue stain

1 Pour 15 mL of the DNA source (pea filtrate from Part A} into a test tube.

2 Dribble 15 mL ice-cold ethanol down the side of the test tube - there should be equal
amounts of filtrate and ethanol in the test tube.

3 Leave the test tube to separate into layers.

Gently swirl and twist the

toothpick to collect DNA

from the alcohol layer

This will take at least 10 minutes. The
alcohol will eventually settle on top of the
watery pea mixture. DNA is less dense than f
water and should float up into the alcohol C-p
layer, leaving the other cellular components
behind.

4 When the mixture has separated completely,
use a stirring rod to gently twirl and twist
the DNA to collect it from the alcohol layer.
DNA looks white.

5 Gently spread a small amount of the DNA
sample onto a glass slide. Add 1 drop of

methylene blue stain to the DNA sample. Meohollayer Scum of DNA
Place the cover slip on the edge of the
methylene blue and allow it to fall into place.
. o . Pulp and water
This should eliminate any air bubbles. Cell scum

6 Look at your sample under x10
magnification. Once focused, you can then .
try the higher magnifications using the fine
focus knob. You will not see the double-
helix strands, but you should see clumps of
DNA material that may look like a tangled

Figure 1.9 Procedure for collecting DNA
mass of strands. from the alcohol layer.
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Present your results as a labelled diagram, with several short statements or labels

explaining your observations.

Briefly describe the appearance of the DNA.
Do you think human DNA will look the same as the DNA from peas?

In homes, dishwashing liquid is used to degrease fat from dishes. Meat tenderiser
works to break down some of the proteins in meat. Alcohol can be used to dehydrate or
dry moisture. With this in mind, suggest the role of each additive in the DNA extraction.
What materials remain in the watery layer? Justify your answer.

Describe any problems you encountered and suggest ways to improve your
experimental technique.

Summarise the outcomes of this experiment.

gl N W =

Describe the structure of a nucleotide and recall the names of the four bases of DNA.
Describe how nucleotides join to form polynucleotides.

Identify the part(s) of DNA that remain constant and the part(s) that are variable.
Identify the differences between DNA and RNA.

Identify the type of bond that holds the two polynucleotide chains together.

Explain how the order of the bases on one polynucleotide chain determines the order of
the bases on the other chain.

Explain the relationship between DNA, chromosomes and genes.

In your own words, describe the double-helix structure of DNA using the ladder
analogy, or one of your own.

Draw an annotated timeline showing the major contributors and their contributions
to the discovery of the structure of DNA.

11



Centromere

e
M5

Chromatid

Figure 1.10 After
replication, the doubled
chromosome is made up
of two sister chromatids
joined at the centromere.

Figure 1.11 DNA
replication. The double
helix unwinds and each
original polynucleotide
strand acts as a template
for new nucleotides to

The genes that make up chromosomes hold the
code for every characteristic of an organism. A
full set of these blueprints is present in almost
every cell of a multicellular organism. The few
exceptions include red blood cells, which do
not have a nucleus, and gametes (sperm and
ova), which only have one set of chromosomes
rather than pairs.

Two forms of cell division create new
cells in a multicellular organism: mitosis and
meiosis. The process and purpose of these
two types of division are different, but they
both begin by copying the cell’s DNA so each
new cell contains the correct number of
chromosomes.

Replication of DNA

Watson and Crick determined that, because

of the double-stranded structure of DNA and

complementary base pairing, DNA could make

copies of itself with a process called replication.
With the aid of several specific enzymes,

the hydrogen bonds between bases are broken

f} nucleotide

REPLICATION AND CELL DIVISION

in sections so that the strands separate and
expose the bases. Spare nucleotides that are
floating around in the nucleus are added in a
complementary sequence to the exposed strands
until two full new strands have been completed.
Replication is the first stage of both
mitosis and meiosis, and every chromosome
is replicated. After replication, the doubled
chromosomes are still attached at a point
called the centromere and the chromosomes
often look like an ‘X’. Chromosomes are
commonly drawn like this because it is the
stage at which they are most easily visible
under a microscope. Each strand of the
doubled chromosome is called a chromatid.
Key things to remember about replication:

« Before replication: single chromosome =
1 molecule of DNA (double-stranded
double helix) = 1 copy of every
chromosome

o After replication: doubled chromosome =
2 molecules of DNA = 2 chromatids joined
at the centromere = 2 copies of every

chromosome

Complementary
strand

Template
strand

L

New
nucleotide

bond by complementary
base pairing. Two double
helices (molecules of
DNA) that are identical to
the original molecule are
formed.

Complementary
strand

Template strand

A section of the DNA template sequence of a gene is shown below.

GTCAATCGTGTACAT
1 Identify what the letters A, C, G and T stand for.

Identify which bases are complementary.

3 Write down the complementary sequence for this template strand.
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Mitosis

The nuclei of somatic (body) human cells
contain 46 chromosomes arranged into

22 homologous pairs and one pair of sex
chromosomes, which determine the gender
of the individual. We can also say that

the somatic cells are diploid (two sets of
chromosomes in homologous pairs). One
member of each pair has come from the
female parent and the other from the male
parent via the gametes.

« Chromosomes condense and appear

» Normal cell functioning

Mitosis is the process of replicating exact
copies of somatic cells. Mitosis was first
introduced on page 118 of Oxford Insight
Science 7 and is discussed further on page 62
of Oxford Insight Science 8. You may recall that
mitosis is the cell division used for growth and
repair in multicellular organisms, and is a form
of asexual reproduction (binary fission) in
unicellular organisms. In mitosis, the original
parent cell divides once into two identical
daughter cells. Every cell in your body, except
gametes (the sex cells), is produced by mitosis.

* Nuclear membrane dissolves
« Centrioles form and produce

* Replication " .
/ ‘i\@ \ spindle fibres

X
%@g ‘ XX X
Ny N >
-
L
N g
,
\ 7&
S |
\ < N / )(7‘
< « Chromosomes form a single
Elutcl;anrmemhrrar;es re-tforlmm < ; line down centre of cell
Tvyvooideﬁiicsglpgaiel?tgi’;fllzsareformed - - * Spincte fibres extend
. « Chromatids are separated at centromere towards centromeres
« Chromatids are pulled to opposite end of cell
by spindle fibres

What you need: prepared microscope slide(s) showing a tissue in the process of growth and

development, light microscope

1 View a prepared slide under the microscope at the greatest magnification possible.
In your field of view, identify the cells that are in the resting phase and those that are
undergoing the other phases of mitosis.

2 Estimate the proportion of cells undergoing mitosis compared with those in the resting
phase. Express this as a percentage and record it in your workbook.

3 Sketch at least four cells undergoing different stages of cell division. Remember the
conventions for drawing biological images under the microscope. Clearly label all the
components within the cell that you can identify correctly.

e DNA s visible under the microscope during the resting phase but not as individual
chromosomes. Find out what DNA is called in this less tightly wound form.

¢ What might be an advantage for DNA being tightly wound during mitosis?

¢ Describe the possible consequences for a cell if there are errors during the process

of DNA replication.

¢ Find out the length of time it takes for a typical cell (e.g. a skin cell) to undergo the

process of cell division.

e Explain the significance of mitosis for an organism.

Figure 1.12 The stages of
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Meiosis

A gamete is a sex cell. In animals, the male
gamete is a sperm and the female gamete

is an ovum. In flowering plants, the male
gamete is contained in a pollen grain and
the female ovum is located in the flower’s
ovary. The male and female gametes of the
same species join to form the first cell of the
offspring, the zygote.

Gametes differ from all other body cells
because they contain half the number of
chromosomes of body cells - they are haploid
(one set). Human gametes have 23 individual
chromosomes that are not in pairs.

Meiosis is the process by which diploid
cells are converted into haploid gametes and it
occurs in the gonads of multicellular, sexually

Sister chromatids
Sister Centriole Centromere rema[q attached - “
chromatids /Spindle A] VI —¢

\|/ /£
Homologous \// Hrt])mologous Cleavage
chromosomes F;agmlents Spinde fibres Ee;(;l?a(izomes furrow $ =
On\yulc €ar attached to
envelope centromere

Figure 1.13 The stages of meiosis.

Sperm production

In human males, meiosis and the formation of
gametes occurs in the testes (singular: testis),
specifically inside the seminiferous tubules.

In adult males, these very fine tubes may have

a combined length of 300-500 metres per testis.

Spermatagonia are the starting cells of the
process of sperm production, and are found
in the lining of the seminiferous tubules.
They divide once by mitosis to produce two
diploid cells; one daughter cell remains a

spermatagonium to repeat the process, and the

other becomes a primary spermatocyte.
The primary spermatocyte then undergoes
meiosis to produce four haploid spermatids.

reproducing organisms. In humans, it occurs
in the testes in males and ovaries in females.

Meiosis is sometimes called reduction
division. It involves a growth and preparation
phase called interphase, and then two
separate division events known as meiosis I
and meiosis II. Essentially, meiosis I separates
the homologous pairs of chromosomes and
meiosis II separates the chromatids.

The only purpose of a gamete is to fuse
or join with another gamete to make a new
cell called a zygote. This fusion of gametes is
called fertilisation. The zygote will be diploid
because it contains two sets of chromosomes,
one from each gamete. Therefore, the
original number of chromosomes is restored
again in the body cells of the new organism
(offspring).

Sister chromatids
separate

Haploid daughter
cellg formi_ng

Epididymis

— Urethra
7’\ Glans penis

Figure 1.14 The male reproductive system in
humans. The testes are the sites of meiosis.
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These cells grow tails, develop into sperm cells

) o Epididymis
and are released into the seminiferous tubule.
The immature sperm move to the epididymis Efferent
ducts

where they are stored until they mature. By
the time they leave the testis and move into
the vas deferens, the sperm are fully motile

Blood Seminiferous

(able to swim by themselves) and capable of vessels tubutes
fertilising an ovum.
The production of sperm is a continuous Rete testis
process. Mitosis of spermatagonia ensures there
are always cells that can produce new sperm. Tovas Tuni_ca
deferens < o, albuginea

Ova production

Female gametes begin their development as
primordial follicles (gamete starting cells) in
the ovaries (singular: ovary). Unlike human
males, who can produce sperm continuously,
human females possess all their potential

ova at birth (around 1-2 million). The
primordial follicle is made up of an oocyte
(the undeveloped ovum) and a protective layer
of granulosa cells. Most primordial follicles
never develop or mature. Because the oocyte is
unable to repair itself, most die before puberty,
leaving only 300 000-400 000 potential ova
with around another 1000 or so dying every
month after that.

If hormones trigger the primordial follicle to
develop, it increases in size and grows protective
layers of cells through mitosis. When the follicle
is matured, the first division of meiosis takes
place. However, cytokinesis divides the cells so
that the vast majority of the cytoplasm ends up
in the oocyte. The smaller cell dies.

During ovulation (the release of an ovum
from the ovary), the mature follicle ruptures
and releases the oocyte and its protective layer
of cells into the fallopian tube. The second
division of meiosis does not take place unless
a sperm cell penetrates the protective layer and
combines with the oocyte. The second division
separates the chromatids of the doubled
chromosomes and cytokinesis forms a tiny cell
and a large ovum. Again, the smaller cell dies.
The haploid ovum accepts the DNA from the
sperm, fertilisation is achieved and a diploid
zygote is formed.

Figure 1.15 A cross-section of a human testis.

Fallopian tube

Uterus

Endometrium  0Vary

Cervix

Vagina

Figure 1.16 The female reproductive system in humans. The ovaries are the sites

of the first division of meiosis.

Haploid gametes (n = 23)
Egg cell

n

n
*/S'perm cell\i——

Meiosis Fertilisation |

4 \

Diploid
. zygote In
(W \{ | Multicellular (2n = 46)
| diploid adults
(2n = 46)

Figure 1.17 The human
life cycle and how meiosis
and mitosis are involved.

On average, females release around 400 o
Mitosis and

development

oocytes in their lifetime. Perhaps only one or
two will be fertilised and develop into a foetus.
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ovum primary follicle = (eveloping follicles
blood / _\
e mature
vessels primordial (Graafian)
follicle follicle
\|ll
corpus
albicans
\ ruptured
follicle
corpus
luteum

\ garly corpus

luteum

ovulation releases
ovum from ovary

Figure 1.18 Follicular
development and ovulation.

QUESTIONS 1.1.2: REPLICATION AND CELL DIVISION

Remember

1 Define the term ‘DNA replication’.

2 Describe the difference between a haploid and a diploid cell. Provide an example of each.
Apply

3 Define fertilisation and explain why it is important for a species.

4 Construct a simple flow chart to demonstrate the process of DNA replication.

5 |If part of a template strand of DNA reads ACTGGCATTCAG, identify the complementary
base sequence.

Complete the following table comparing mitosis and meiosis.

Parent cell Number of Number of Daughter cells Purposel(s) of
(haploid/diploid) | divisions daughter cells | (haploid/diploid) | division

Mitosis

Meiosis

7 We all commenced our lives as a single cell, a zygote, which then grew into an embryo.
Identify the type of cell division involved in the growth of a zygote into an embryo.

8 Propose whether or not the offspring of sexually reproducing organisms are identical to
their parents. Explain your answer.

9 Compare the production of male and female gametes in humans. You may like to use a
table or graphical organiser.

10 Propose how you could identify cells viewed under the microscope as undergoing
mitosis or meiosis. Justify your answer.
Create

11 Individually or in small groups, create a model or annotated poster of either a testis,
or an ovary and a fallopian tube. Label your model or poster to show the key structures
and the processes involved in the production of mature gametes.
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MUTATION

When cells divide, exact copies of every
chromosome are usually produced because of
the double-stranded structure of DNA and
the complementary pairing of bases. The
chromosome copies are generally distributed
evenly between daughter cells during the
process of mitosis. However, nature is not
perfect all the time. Mistakes are made during
both replication and cell division. These
mistakes are called mutations. Mutations
can involve individual genes or entire
chromosomes.

The genetic code

A gene mutation is a change to the sequence
of bases within a gene and usually happens
during replication. Most of these mutations

Codon Amino
(base triplet) acid
U C
uuu ucu
Phe

uuc uce

U Ser
UUA UCA

Leu

uuG ucG
cuu ccu
cuc cee

C Leu Pro
CUA CCA
% CUG 0C6
Z A ACU
AUC Ile ACC

A Thr
AUA ACA
GUU 6CU
6UC 6CC

G Val Ala
GUA GCA
6UG 6C6

are detected and fixed by enzymes (specialised
‘helper’ proteins that act as proofreaders). The
impact of these mutations varies depending on
the nature of the change to the genetic code.

The genetic code is the sequence of bases
in a gene and provides the specific instructions
for the synthesis of proteins. Some proteins are
the building material for major structures and
organelles within the cell, whereas others are
functional proteins such as enzymes.

Proteins are polymers made up of
polypeptides, which are chains of amino
acids. There are only 20 amino acids that
occur naturally in human proteins, but
they can be used in millions of different
combinations. Each amino acid requires a
specific code, which is made up of the DNA
bases A, T, C and G.

Second base

UAU u6u U
Tyr Cys
UAC UGC C

UGA Stop A
UGG Trp 6

CAU C6U U
His
CAC C6C C
Arg
CAA CGA A
Gln
CAG CG6 6 =
AN AGU -]
Asn Ser
AAC AGC C
AAA AGA A
lys Arg
AAG AGG 6
GAU 66U U
Asp
GAC 66C C
Gly
GAA GGA A
Glu
GAG 666 6

Figure 1.19 The entire genetic code was deciphered by 1966 and scientists now understand which amino acid is
coded for by each codon. There are three stop codons and one start codon.

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

alanine
arginine
asparagine
aspartic acid
cysteine
glutamine
glutamic acid
glycine
histidine
isoleuicine
leucine
lysine
methionine
phenylalanine
proline
serine
threonine
tryptophan
tyrosine
valine

1.1 DNA AND THE GENETIC CODE
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Protein synthesis

Protein synthesis is a multi-step process where
the relevant section (the gene) of DNA is
copied into RNA. The short strands of RNA
leave the nucleus and go to a ribosome where
they form a template for an amino acid chain.
Individual amino acids are coded for by a
triplet of bases called a codon. The four bases
can be arranged as triplets in 4 x 4 x 4 = 64

different ways. This is more than enough for
20 amino acids. Hence, there is usually more
than one codon for each amino acid. The
sequence of amino acids in a protein is coded
for by the sequence of codons along the DNA
molecule.

The codons for the amino acids are typically
listed using RNA rather than DNA. All proteins
start with the amino acid methionine, which is
coded for by the ‘start’ codon AUG.

Interpreting the genetic code

A section of the RNA sequence made from a particular gene is shown below.

AUGCAGGUACAGCGU

1 Write down the sequence of the template DNA strand.

2 Using the genetic code in Figure 1.19, write down the amino acid chain that is coded for by

the above sequence.

3 What would occur if a mutation in the DNA causes the RNA codon CAG to become UAG?

Mutagens

The base sequence (order of bases) in DNA

is critical. A tiny change in the sequence

may alter the amino acids being coded for,
which can change the protein produced and
may affect the normal functioning of the
organism. Although the aim of replication is to
preserve the base sequence, occasional errors,
or mutations, can occur. On most occasions
these mutations can be corrected. Sometimes
a mutation will result in a new codon that still
codes for the same amino acid, or the change
is not in an important part of the DNA. But
on other occasions, mutations can change the
protein produced, which can cause problems
and can even be fatal.

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

Somatic mutations occur during mitosis
of body cells. The effect is localised to that
individual and may lead to an illness such as

cancer. Germ-line mutations occur during
meiosis and the formation of gametes. These
mutations do not affect the individual, but
are passed on to their children if that gamete
is fertilised. Germ-line mutations are said to
heritable because they can be passed on or
‘inherited’ by offspring.

Genetic mutations

Genetic mutations only affect individual genes.
There are three possible outcomes of genetic
mutations:

» Sequence still codes for the same amino
acids (some amino acids have more than
one code) so there is no change to the
polypeptide.

« Sequence codes for at least one different
amino acid, which alters the structure
and function of the polypeptide to varying
degrees.

» Sequence is changed to include an earlier
stop codon, shortening the polypeptide and
often significantly altering its structure and
function.
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Radiation Chemicals UV light

® |onises hiochemical e Some chemicals insert e (Causes thymine bases that
compounds in cells, into DNA instead of bases are close together on a DNA
forming free radicals (i.e. they substitute polynucleotide chain to

e The free radicals cause for bases) bind together, forming
damage to DNA and e Other chemicals insert ‘thymine dimers’. This
proteins (e.g. breakages between bases, causing causes problems during
in chromosomes) problems when the DNA DNA replication

replicates

B;J_rgi < Figure 1.20 The effect of
4.¢ 1 1560 some mutagens.

A normal RNA sequence is shown below, together with a mutated sequence.
Normal sequence AUG ACG CAG AAU UGG GAU CCU ACG
Mutated sequence AUG ACA CAG AAU UGG GAU CCU ACG

Describe the outcome of the mutation on protein synthesis. You may wish to consult the
genetic code in Figure 1.19.

Chromosomal mutations

Chromosomal mutations are classified according to whether they change the structure of
chromosomes or alter the number of chromosomes in the cell. Chromosomal mutations are often
identified by their karyotype.

What you need: paper, coloured pencils, scissors, sticky tape or glue

1 Research the main forms of structural chromosomal mutations (deletion, duplication,
translocation and inversion) and write a brief description of what each mutation
involves.

2 Draw five chromosomes of different lengths and use the alphabet to indicate about
five genes per chromosome. Do not use any letter more than once.

Cut and paste your chromosomes to represent each type of structural mutation.
Evaluate how well your models represent the mutations.

Compare your models with those of other students in the class. Are they similar or
different? Assess which model best represents each mutation, and explain why you
think this.
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Mutations involving chromosome number

Mutations that alter chromosome numbers are usually the result of a homologous pair of
chromosomes failing to separate during meiosis. In such cases, one of the daughter cells
(gametes) will have too many chromosomes and the other will have too few. If an abnormal
gamete is fertilised, the offspring will have either too many or too few chromosomes.

Down syndrome is the result of a person having three copies of chromosome 21 (trisomy 21).

Figure 1.21 Karyotypes
clearly show
chromosomal mutations
such as trisomy 21.

Define the term 'mutation’.
Explain what a mutagen is with reference to specific examples.
Identify at least two differences between replication and protein synthesis.

Identify the function of DNA.

N WO N =

5 Are all mutations heritable? Explain your answer.

Propose a reason why DNA must be copied into RNA for protein synthesis.
Assess whether mutations can ever be advantageous.

Describe how a polypeptide is like a string of beads.
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DNA AND THE GENETIC CODE

Remember

1

What do the following abbreviations stand
for?

a DNA[1 mark]

b RNA[1 mark]

¢ Ul markl

d TI[1 mark]

Name the four nucleotides found in:

a DNA[2 marks]

b RNA[2 marks]

Polynucleotides and polypeptides are

both polymers.

a Suggest what the root word “poly’
means. [1 mark]

b Identify the units that make up each
type of polymer. [2 marks]

¢ Give examples of the final products of
each type of polymer. [2 marks]

For both sperm and ova:

a identify where each type of gamete
are produced [2 marks]

b identify where each type of gamete
mature. [2 marks]

Identify why replication of DNA must
occur before cell division. [1 mark]

Apply

6 Use the terms ‘gametes’ and ‘fertilisation’

to explain how DNA is transferred from
one generation to the next. [2 marks]
Explain the differences between the
following terms. You may like to use
diagrams.

a base and codon [1 mark]

b diploid and haploid [1 mark]

If a gene contains 600 nitrogenous
bases, calculate how many amino acids
would be incorporated into the resulting
polypeptide. [1 mark]

Identify the key organs of the female and
male reproductive systems and relate
them to their function. [4 marks]

10 Examine the original DNA sequence and

its mutated version. .
Original: CHECKPOINT
TAC GTT CGA TTC ATC GGA TTG CAT

Mutation:

TAC GTT CGA CAT CGG ATT GCA T

Describe the effect of the mutation on the
polypeptide produced. [2 marks]

11 You are observing a cell in the middle of
meiosis. Identify how you could determine
whether you are observing meiosis | or Il
[1 mark]

12 Explain why it is essential for the number
of chromosomes to be halved during
meiosis. [1 mark]

Analyse and evaluate

13 Evaluate whether a gene ora
chromosome has the most control
over the structure and function of an
organism. Explain your reasoning.

[2 marks]

14 Trisomy 21 is most commonly the result
of a chromosome mutation during ovum
formation. Propose a reason why this
mutation is more common in female
gametes than in sperm (5-10% of trisomy
21 cases) and why it is thought that this
type of mutation becomes more common
as females age. [2 marks]

15 Meiosis usually results in four haploid
daughter cells. Explain why only one
mature ovum is produced by meiosis in
human females. [2 marks]

Research

16 Research a genetic disorder. Identify
the type of mutation, how common
itis, how it is usually diagnosed, the
common symptoms and any treatments
associated with the disorder. Present
your findings as an informative pamphlet
or multimedia presentation. Include an
appropriate bibliography of your sources.
[5 marks]

TOTAL MARKS
[ /42]
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Just how significant is our genetic code? Which characteristics of our make-up

are determined by genes and their DNA code? The establishment of the

relationship between DNA and the genes on chromosomes paved the way for

a greater understanding of genetics. That, combined with the experimental

genetics pioneered by Gregor Mendel, has answered many questions. Scientists

now have a greater understanding of how our genes function and the influence of

our environment on genetically determined characteristics.

THE FATHER OF GENETICS

Gregor Mendel was an Austrian monk
whose hobby was performing
scientific experiments on the
pea plants in the monastery
garden. Most of his
experimental work was
done in the 1850s, a
few decades before the
discovery of DNA and
100 years before the
structure and genetic
code of DNA had been
identified. Mendel’s success

in obtaining reliable results to
analyse and make predictions was
because he:
Figure 1.22 Gregor
Mendel - botanist, monk
and father of modern the plants
genetics.

studied a large number of characteristics in

 carried out a large number of crosses
« used pure breeding lines.

Most of Mendel's conclusions based on his
results still hold true today, even with all the
additional information we now know about
genetics. Without the current technology,
Mendel may not have been able to explain
exactly what was going on inside the cells,
but he determined the ways in which parents
pass on their characteristics to their offspring.
Mendel is often referred to as the father of
modern genetics.

Mendel's experiments

Mendel noticed that although the pea plants
in his garden were of the same species and
successfully bred together to produce healthy,
fertile offspring, they were not all the same.
Some plants had white flowers, whereas others
had purple flowers; some plants produced
round peas, whereas others produced wrinkled
peas; and so on. These differences between
individuals of the same species are called
variations. Mendel’s experiments were largely
to determine how these variations were passed
from one generation to the next.

Mendel began by establishing pure or true-
breeding lines for seven different pea plant
characteristics that typically only appeared in
two different forms. True-breeding organisms
are genetically identical to their parents and will
always produce genetically identical offspring
when interbred.

Mendel would then take two true-breeding
plants with different forms of the same
characteristic and breed them together to
determine which form the characteristic would
take in the next few generations of offspring.

For example, Mendel studied the
characteristic of pea seed shape: either round
(spherical) or wrinkled.

1 Mendel bred two groups of true-breeding
pea plants: one with round seeds and the
other with wrinkled seeds. These were
called the P or parental generation.
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2 Mendel crossed the true-breeding plants
for round seeds with the true-breeding
plants for wrinkled seeds. He did this by
manually transferring the pollen grains
from one flower to another. The offspring
were all round seeded pea plants. They were
known as the F, or first generation.

3 Mendel then allowed the round F, plants to
interbreed to produce an F, generation. In
the F, generation, Mendel’s crosses resulted
in about 296 round to 103 wrinkled seeds,
which is roughly % round and % wrinkled
seeds, also expressed as a ratio of 3:1.

Seed shape
Spherical Wrinkled
Seed colour O 0
Yellow Green
Flower colour Q @
Purple White
Pod shape / /
Inflated Constricted

Pod colour /
Green Yellow

Flower position
Axial Terminal
Stem height § 2
Tall Short

Figure 1.23 The seven traits, or characteristics, of
pea plants studied by Mendel. Mendel focused on
these seven pairs of traits and isolated each as a
true-breeding trait before he began studying various
crosses.

True breeding

parental G X Q}
generation
Round Wrinkled
(spherical) seed
seed
F, generation 9 X 9
AU seeds Self
round
(spherical)
o @ Q@@
l /| l
{ {
3/4 round 1/4 wrinkled

Figure 1.24 Mendel's experimental results using seed shape of pea plants.

Basic principles of
genetics

Mendel’s explanations about the results of his

experiments were amazingly accurate. With

no microscope work and very few colleagues

with whom to discuss the results, he made the

following conclusions.

e There must be ‘factors’ inside cells that
control characteristics. Mendel’s ‘factors’
were later renamed genes.

» Two copies of each ‘factor’ are present in
every cell and control each characteristic:
one ‘factor’ is from the male parent and
the other from the female parent.

e Each ‘factor’ separates from the other
before fertilisation (meiosis and gamete
formation) and recombines at fertilisation,
but the two, factors, do not blend.

e The ‘factors’ that control different
characteristics are passed on to the next
generation independently of each other.

Without knowledge of genes, chromosomes
or DNA, Mendel managed to accurately explain
how such variation between individuals of the
same species was possible. As knowledge and
understanding of Mendel’s ‘factors’ improved,
his basic conclusions were expanded to become
two of the fundamental laws of genetics.
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The law of segregation

There are two copies of every gene in all sexually
reproducing organisms that control each
characteristic, and the same genes are grouped
together on homologous pairs of chromosomes.
During meiosis these homologous
chromosomes segregate (separate), with one
copy of each chromosome and all the genes it
holds appearing in every gamete (for example,
in the ovum/egg and in the sperm/pollen).
These chromosomes recombine at fertilisation.
They do not blend, but instead match together
to form homologous pairs again.

The law of independent
assortment

When the homologous pairs of chromosomes
segregate, they do so independently of other
pairs of chromosomes. In other words, when
the chromosomes line up in their homologous
pairs, the side each chromosome takes is
completely random. The mother’s chromosome
may be on the right for one pair but on the left
for a different pair.

We now know this law applies in all cases
except when the genes are linked (situated
on the same chromosome). Mendel, by
chance, did not study any linked genes and
so he did not know that genes are situated on
chromosomes. We also know now it is the
chromosomes that segregate rather than the
individual genes as Mendel thought.

Genotypes and
phenotypes

The law of segregation does not completely
explain why Mendel often found that one
form of the characteristic he was examining
would disappear from the offspring and then
reappear in subsequent generations during
his crosses.

Table 1.2 Genetic notation for the gene for flower colour.

Genotype Phenotype
FF purple

Ff purple

ff white

Some genes come in different forms.

These different forms of the same gene are
called alleles. In the previous example, the
gene is seed shape, and the alleles are round
seeds or wrinkled seeds. When a gene has
more than one allele, an individual may have
different combinations of those alleles. The
specific combination of alleles is called the
genotype. The genotype helps to determine
the appearance of the individual, known as the
phenotype.

A true-breeding individual has two copies
of the same allele for each gene. They can only
pass one form of the characteristic on to their
offspring. True-breeding individuals are also
described as being as homozygous for that
trait or characteristic.

In Mendel’s experiments, he crossed two
different true-breeding individuals together,
guaranteeing that the F, generation would
have one copy of each allele, or would be
heterozygous for that trait. Even though all
the offspring had the two different alleles, they
all showed the same phenotype. One allele was
being expressed rather the other. The allele
expressed in the phenotype of a heterozygous
individual is said to be dominant, and the
allele that is hidden is said to be recessive.

Individuals showing the dominant trait
only need to have one copy of the dominant
allele for it to show in the phenotype. This
means individuals with the dominant trait
could be heterozygous or homozygous
dominant for that gene. Dominant alleles are
represented by a capital letter that represents
the gene.

The recessive trait is only expressed if there
are no dominant alleles present. Therefore,
all individuals with the recessive phenotype
must be homozygous recessive for that
gene. Recessive alleles are always shown by
a lowercase version of the letter used for the
dominant allele (Table 1.2).

Description
homozygous dominant
heterozygous

homozygous recessive
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o o1 N W

~

RR m
Parental o X E A 1. Both parents are homozygous (RR and rr) and produce only
y

generation one type of gamete (either all R from RR or allt from rr).
QQH%/O

[ 2. When a cross is made, it is the gametes that fuse. So, all the

R
X Self individuals will be Rr. Because spherical (round) is dominant to
1 wrinkled, all the F, individuals will have spherical (round) peas.

0 o Gametes olo
F, generation 0 Spermo

- 1
F, generation

3. When the F, individuals are crossed, it will be Rr crossed with
Rrand both parents will produce two types of gametes, R and
0 0 r. These gametes fuse to produce the F, generation and the
Fggs RR Rr genotypes of the offspring (F,) can be obtained conveniently
using a square developed by the geneticist Punnett, called a
o 0 Q/ Punnett square. The gametes are placed on the Punnett square
Rr I vertically and horizontally. The possible crosses, and resulting
Punnett square genotypes are then found by putting the gametes together.
In this way, the different phenatypes and their ratios
F, genotypes RR: 2Rr: rr can be easily determined.

F, phenatypes Rougnd: Wrin1kled

Define ‘true-breeding organisms’ and explain how Mendel ensured his parental
generation were true-breeding plants.

How many genes for a characteristic are present in the cells of each organism?
Where do each of these genes come from?

Name the process in the cell that segregates the chromosomes (and genes).
Define the term ‘allele’.
Explain the difference between a dominant and a recessive allele.

Using an example, explain the difference between a genotype and a phenotype.

Suggest why Mendel had such an influence on genetics.

Explain how you automatically know the genotype of an individual with the recessive
phenotype.

Match the following terms and symbols with their appropriate explanation.

pea pod colour dominant allele

green pod homozygous dominant
PP homozygous recessive
B heterozygous

pp phenotype

Pp gene

10 One of the characteristics Mendel investigated was flower position in pea plants. The

two forms of this characteristic are flowers along the stem (axial] or only at the ends of
the stem (terminal). Explain how you would determine which allele was dominant.

Figure 1.25 An
explanation of Mendel's
results in terms of
genotypes, phenotypes,
dominance and
recessiveness. Note: Rr
and rR are the same -
the dominant allele is
always written before the
recessive regardless of
whether it was supplied
by the sperm or egg.
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Eye colour
= [Jominant: brown

Recessive: blue

Skin pigmentation
== Dominant: Freckles
Recessive: no freckles
Cheek shape
mmmm= Jominant: dimples
Recessive: no dimples
Figure 1.26 A homologous
pair of chromosomes with

theoretical genes and
alleles indicated.
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Chromosomes exist in homologous pairs. They
are homologous because they carry the same
genes. Because many genes have more than
one form, homologous chromosomes
may not carry the same allele for
those genes. Figure 1.26 shows a
homologous pair of chromosomes
that carry the same alleles for skin
pigmentation and cheek shape,
but different alleles for eye colour.
However, one pair of
chromosomes is not always
homologous. Sometimes the
chromosomes carry completely different
genes and are totally different lengths.
This ‘pair’ of chromosomes are called sex
chromosomes. Although they carry genes
that code for normal body cells, they also
determine the gender of the individual (see
more about these chromosomes on page
33). All other chromosomes that have no
influence on gender differentiation are called
autosomal chromosomes.
Chromosomes can carry thousands of
individual genes, but it is easiest to study them
one at a time as Mendel did.

Monohybrid crosses

A monohybrid cross is the genetic cross
between two individuals that are heterozygous
(hybrid) for one (mono) particular gene.

When Mendel crossed F, individuals with
other F, individuals to produce the F,
generation, this was a monohybrid cross.

In the example used on page 25, Mendel
found when he crossed plants that were
heterozygous for seed shape, the resulting
offspring were in the ratio 3 round to 1
wrinkled. To work this out, you can use a
Punnett square.

Coat colour in some dogs is controlled by
one gene with two alleles. The black pigment
allele is dominant over the recessive brown
pigment allele.

Punnett squares

Punnett squares can be used to determine
the possible genotypes of the offspring and to
calculate the ratios in which the offspring’s
genotypes and phenotypes will occur. The
parents’ genotypes are used to work out the
possible gametes that can be produced, and
these are written around the outside of the
Punnett square. Within the grid, all possible
fertilisation combinations can be modelled.
Mendel repeated his experiments with
so many plants (around 29 000 plants over
seven years) that his actual data reflected
the estimated mathematical ratios and
percentages for the experiments. The huge
numbers of plants that were cross-bred in
every experiment, combined with Mendel’s
method of repeating all his experiments, made
his data extremely reliable. This is one of the
many reasons why his findings are the
foundations of modern genetics
and why Mendel is such a well-
respected scientist.

Figure 1.27 Black fur is
dominant over brown fur in
labradors. Golden labradors are
a result of a different gene.
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Monohybrid crosses m

Two black labradors known to be

heterozygous for fur colour were crossed.
Determine the likelihood of the different fur t Parent's phenotypes J black (heterozygous) X black (heterozygous)
colours of their offspring, expressed as a
percentage. v

The layout of the cross shown in [ Parent’s genatypes ] 1. X
Figure 1.28 is considered to be the scientific
convention. Complete the monohybrid cross

using the template and Mendel's example in Meiosis
Figure 1.25 on page 25 as a guide. l
Gene: Fur colour [ Gametes ] 2. and X and
Dominant allele: black (B)
Recessive allele: brown (b) |
Questions Fertilisation
1 Explain how you know which allele is
dominant for the trait. 3. < gametes
gametes

2 How many genotypes are possible for
the black-fur phenotype? How many
genotypes are possible for brown fur?

3 Compare your results to Mendel's as
shown in Figure 1.25. What does this tell
you about the expected results for any
monohybrid cross?

all possible offspring (in other words, it
indicates the expected results). Labradors
usually have 5-10 puppies per litter. How

v
4 The Punnett square provides the ratios for
A\ 4

close will the actual results be to the Offspring’s phenotypes 6. black brown
expected results after a single litter?

Explain your answer in terms of reliability 7. % black % brown
of data.

5 From your results, what is the percentage
chance that one of the puppies will be
brown?

Figure 1.28 Complete the monohybrid cross for heterozygous labradors.
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ACTIVITY 1.2.1: INVESTIGATING VARIATION

Most human characteristics are now well understood in terms of the genes and alleles
involved. Some human characteristics are controlled by a single gene with two alleles.
Table 1.3 shows some of these genes as well as their dominant and recessive alleles.

Table 1.3 Some common human characteristics and their dominant and recessive traits.

Dominant trait Recessive trait Your trait
Description Allele Description Allele Phenotype Possible
symbol symbol genotypel(s)
Eye colour Brown eyes Blue eyes
Tongue Ability to roll T Cannot roll t
rolling tongue tongue
Rhesus Rhesus D Rhesus d
blood type positive (Rh*) negative (Rh7)
blood blood
Ear lobe Free ear B Attached ear f
shape lobes lobes
Hairline Peaked W Straight w
hairline hairline
(widow's
peak)
Red hair Not red hair R Red hair r
pigment
Hair on Hair present G Hair absent g
middle
segment of
finger
SKi Normal skin A Pigmentation a
in . . .
pigmentation lacking

pigmentation (albinism)

Copy and complete Table 1.3 by recording your own phenotype and possible genotypes for
each of the traits listed. If you display the dominant trait, can you determine whether you
are homozygous or heterozygous?

 Identify examples of traits for which your genotype (or that of another member of
the class) is homozygous dominant, heterozygous and homozygous recessive.

e If you display a recessive trait, such as blue eyes
or a straight hairline, there is only one
possible genotype. Explain why this is so.

e |n reality, there are often many more
variations of particular traits in
reality. Eye colour is a good example
of this. Can you suggest why there
are variations beyond simply ‘blue’
or ‘brown’ eye colour?

Figure 1.29 Tongue rolling is a dominant
genetic trait that is inherited from at least
one of your parents.

28 OXFORD INSIGHT SCIENCE 10 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



Test crosses

When looking at a single gene, it is easy to
determine the genotype of an individual who
expresses the recessive trait. There is only one
possibility: they must be homozygous recessive.
A dominant trait only requires the presence
of one dominant allele for it to be expressed.
This means an individual with a dominant
phenotype could be either homozygous
dominant or heterozygous for the characteristic.

To determine the genotype of an unknown
individual, a DNA test could be carried out or a
number of crosses could be performed. Mendel
worked hard to ensure his parental generation
were true-breeding plants. He would have
carried out several test crosses to determine
which dominant trait plants were homozygous
and which were heterozygous.

A test cross is where an individual with the
dominant phenotype but unknown genotype
is crossed with a recessive individual. The
recessive parent can only supply the recessive
allele to the offspring, so the phenotypes of
the offspring can be used to determine the
genotype of the unknown parent. Figure 1.30
demonstrates the two possible outcomes of a
test cross.

Homozygous dominant m
P purple flowers X white flowers
FF X ff
gametes: FandF X fand f
F
F F
f Ff | Ff
f Fft| Ff
genotypes:  100% Ff
phenotypes:  100% purple flowers
Heterozygous ’ b }
P purple flowers X white flowers
Ff x ff
gametes: Fandf x  fandf
F
F f
f Ff | ff
f Ff| ff
genotypes:  50% Ff, 50% ff
phenotypes:  50% purple, 50% white flowers

Figure 1.30 The results of a test cross can determine if the
genotype of the unknown parent is (a] homozygous dominant or

(b) heterozygous.

Work alone or with a partner to solve the following problems. Present your working out
clearly. Refer to Figure 1.28 (monohybrid cross) and Figure 1.30 (test cross) for correct

setting out.

Rabbits on a small island are known to have the alleles for genes as shown in Table 1.4.

Table 1.4 Rabbit alleles.

Ear form E = upright, e = floppy
Fur colour F = brown, f = grey
Fur length L =short, L = long

Fur pattern P = no spots, p = spots

an

"

i

Figure 1.31 Rabbits have

many different phenotypes.
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Questions

1 Define the terms ‘genotype’ and
‘phenotype’.

2 Which alleles listed in Table 1.4 are
dominant and which are recessive?
How do you know?

3 Write possible genotypes for a rabbit
that has:

a upright ears
b floppy ears

¢ brown fur

d long fur.
4 Write phenotypes for the following
genotypes.
a PP
b Ll
c ff
d Ee

5 Determine the possible
genotypes and phenotypes of
offspring born to parents in the
following crosses:

Figure 1.32 Environmental factors have altered the
phenotypes of this couple, but any children they may
have will not inherit their blue hair.

a FFxFF

b PPxPp
¢ EexEe
d WxLL

6 For each of the crosses in question 5,
state the percentage chance of each
genotype and phenotype occurring in
the offspring.

7 Along-fur rabbit was crossed with a
rabbit that was heterozygous for fur
length.

a What are the genotypes of the
parents?

b What is the percentage chance
that the first offspring will have long
fur?

8 Arabbit with a spotted fur pattern was
crossed with a rabbit with no spots. Five
kittens (baby rabbits) were born and all
had spots on their fur. Explain how this
is possible.

Environmental influence
on gene expression

While our genes determine what our physical
characteristics will be, they do not act alone
on the final phenotype. Environmental factors
also influence phenotypes. Sunlight can bleach
your hair, tan your skin, and cause freckles
and moles to appear. The quality of nutrition
during growth and development stages of life
can influence height, muscle tone and proper
cellular functioning. A car accident may result
in a loss of a limb. All of these environmental
factors can change an individual’s phenotype.
Identical twins, who have identical DNA, are
never exactly the same. There are always some
tiny differences between them. But changes to
a phenotype cannot alter the genotype.
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It is often said that successful gardeners have a ‘green thumb’, but what difference
does the right type of plants make? If you obtain healthy plants with genes suited to the
environment, will such plants grow regardless of how they are treated?

Challenge

Your task is to work in small groups (2-4 students) to design an experiment to investigate
the effect of the environment on a plant’s growth.

Questioning and predicting

Select a plant, such as a geranium, where a new plant can be easily generated from
a cutting of the parent plant. This process is known as propagation and is, essentially,
asexual reproduction.

e How many parents are involved?

e How does the parent plant compare genetically with the offspring?

e Write a testable hypothesis about the appearance of the offspring compared to the
parent plant.

Planning and conducting

e Write an appropriate aim for your experiment that is related to your hypothesis.

e What other factors need to be considered when selecting a plant for investigation within
the science laboratory?

¢ Which factors within the environment are you going to investigate? Examples of factors
include amount of water, quality of water, amount of light, type of light, soil quality, soil
additives, levels of oxygen and carbon dioxide in the air. How will you measure your
selected variables?

¢ How many plants will you test? What effect will this have on the reliability of your results?

e Write a list of all the equipment required.

e What method will you use? Consider details such as how long the investigation will
run and how the results will be collected and presented. The design of the experiment
should enable you to draw some conclusions about the significance of a plant’s genes
and environment.

e Which factor will be the independent variable and which factor will be the dependent
variable in the experimental design? Which factor will you need to keep the same in all
conditions and why?

e How will you present your results?

Processing, analysing and problem solving

e How valid and reliable is your data?

¢ In what ways could you improve your data?

e What have you learned about the effect of genes and the environment on your plant’s
growth? How did these affect its appearance compared to the parent plant?

e (Can you extrapolate these conclusions to a wider variety of organisms?

e Compare your experiment and results with those of another group. Identify and explain
at least one aspect of the other experiment that was better than yours, and describe
how you could improve your experiment if you were to repeat it.

Communicating

Present your experiment in an appropriate format, which may include the use of spreadsheet
and graph-drawing programs, audio-visual technology as well as written information.
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1 Rewrite each of these false statements to make it true.
a Homologous chromosomes carry the same alleles.
b Arecessive allele can mask the dominant allele.
¢ The recessive phenotype has two possible genotypes.
Describe the conditions of a monohybrid cross.

3 Recall when you would use a test cross.

4 You and your partner were simulating a cross between a long fur rabbit and a short-
fur rabbit, when you noticed your partner was using S to represent short-fur and L to
represent long fur. If short fur is dominant to long fur, explain where your partner went
wrong with their notation.

5 Dimples (D) is dominant to no dimples. Write the genotypes for individuals who:
a are homozygous for dimples
b are heterozygous for dimples
¢ have nodimples.

6 Agirl wanted to find out if her grey cat is homozygous or heterozygous for fur colour.
Assuming breeding was ethical and time efficient, what cross should she carry out?
What result would she obtain if the cat were:

a homozygous?
b heterozygous?

7 The allele for blue eyes is recessive to the allele for brown eyes. What are the chances
that two blue-eyed parents will have a brown-eyed child? What are the chances of two
brown-eyed parents having a blue-eyed child?

8 Wavy hair in humans is dominant to straight hair. A wavy-haired man and a straight-
haired woman have two children. The first child has wavy hair and the second child has
straight hair. State the genotype of all four individuals and use suitable symbols to show
your working.

9 Normal skin pigmentation is dominant over albinism
(a lack of any pigmentation). A couple who are both
heterozygous for this trait have three children who all
have normal skin pigmentation. If they have a fourth
child, is it guaranteed that they will have albinism?
Explain your answer.
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23 pairs of chromosomes - 22 pairs of
autosomal chromosomes and one pair of sex
chromosomes. The two sex chromosomes in
mammals are called X and Y. The genotype
for females is XX and the genotype for males
is XY. The specific genes on the chromosomes
contain the information required for sexual

SEX-LINKED INHERITANCE

As previously mentioned, humans have

characteristics.
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Figure 1.33 Karyotypes for (a) a female compared

with (b) a male.
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significantly longer than the Y
chromosome. The X chromosome

is one of the longest human
chromosomes, whereas the Y
chromosome is one of the shortest. In
addition to carrying the genes responsible

The X chromosome is

for sexual characteristics, the X chromosome

also carries many non-sexual genes, such

as for blood clotting and red-green colour

2]

] ‘. S

vision. Traits or phenotypes (and the alleles
that code for them) that are carried on a sex
chromosome are said to be sex-linked. Many
more genes and the specific traits they control
are linked to the X chromosome because it is

so much larger than the Y chromosome (see

Figure 1.34), therefore these genes are common

called X-linked genes. Males are much more

likely than females to show X-linked traits

because they only have one X chromosome that
cannot be masked by the Y chromosome.

In general, when investigating the pattern

of inheritance for a particular trait, it is useful

to consider each trait as one of the following:
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populations, which may help identify whether

autosomal dominant

autosomal recessive

X-linked dominant

X-linked recessive.

Traits show different trends within

they are autosomal or sex-linked, dominant

Table 1.5 The trends of the four patterns of inheritance.

or recessive. These trends are summarised in
Table 1.5.

Autosomal ¢ Males and females are affected equally e Males and females are affected equally
over a large sample size. over a large sample size.

e Affected offspring have at least one e Affected offspring may have unaffected
affected parent (i.e. does not skip a parents (i.e. parents may be carriers).
generation).

X-linked e Generally, more females than males are e Generally, more males than females are

affected.

Affected offspring have at least one
affected parent (i.e. does not skip a
generation).

An affected father will pass the trait to all
daughters, but not to any sons.

An affected mother has a 50% chance of
passing the trait to any son or daughter.

affected; females are carriers.
Affected offspring may have unaffected
parent(s] (men cannot be carriers, but
women may be).

A carrier mother has a 50% chance of
passing the trait on to each son.
Daughters of an affected father will all
be carriers.
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Figure 1.34 The X
chromosome (left) is
much larger than the Y
chromosome (right) and
carries more genetic
information.

Figure 1.35 Most sex-
linked genes are situated
on the X chromosome.
There are only a few
Y-linked genes, such as
hairy ears. So only males
have hairy ears!

Figure 1.36 A male gets
his X chromosome from
his mother and his Y
chromosome from his
father. A female gets one
of her X chromosomes
from her mother and the
other from her father.



Sex-linked conditions

Two well-known conditions caused by
defective sex-linked genes are red-green colour
blindness and haemophilia.

Red-green colour blindness

Red-green colour blindness is an X-linked
recessive trait. A gene on the X chromosome
controls the colour receptors in the retina
of the eye. When the gene is defective,
the receptors do not function

properly and the person cannot
distinguish red from green.
Approximately 8% of males and
less than 1% of females have
red-green colour blindness.
The difference in incidence
is because the defective allele
is recessive and can be masked
by a dominant normal allele
in females. It is very rare for a
female to have two defective alleles,
but not so rare for her to be a carrier.
A carrier is someone who has an allele
for a genetic disorder, but does not show the
disorder in their phenotype - in other words,
they are heterozygous for a recessive disorder.

Figure 1.37 If you struggle
to see a number in the
dots, you may have red-
green colour blindness.

Figure 1.38 A person with red-green colour blindness
will have a very different view of the world.

Haemophilia

Haemophilia is an X-linked recessive disease
that prevents blood from clotting. Even a small
injury to a person with haemophilia can result
in prolonged bleeding and excessive blood loss,
or bruising (internal bleeding). It is possible
to treat this disease today because the clotting
factors can be produced from blood donations

or made in the laboratory.

Which chromosome combinations produce a male and a female?
Define the term "X-linked'.
Explain why X-linked recessive traits affect males more often than females.

Suggest a reason why X-linked genes are more common than Y-linked genes.

A man and a woman, both of whom had normal colour vision, had three children: two
boys and a girl. One of the boys had normal colour vision and the other was red-green
colour blind. The girl had normal colour vision. Determine the genotypes for this family.

The girl from the family in the previous question married an unaffected man and
produced a son who was colour blind. Identify the genotypes for this family.

The colour-blind son from the family in question 5 married an unaffected woman and had
a son with normal colour vision and a colour-blind daughter. Identify their genotypes.

Research another sex chromosome disorder. |dentify how common the disorder is,
the common characteristics of someone with the disorder, and whether there is any
treatment. Present your finding to the class as a multimedia presentation.
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PEDIGREES

Although each of your parents contributes to
your genotype, the genotypes of other family
members (such as grandparents, aunts and
uncles) can all be important in explaining
who you are. Inheritance of characteristics is
often traced through families using family tree
diagrams or pedigrees.

While a Punnett square shows the possible
genotypes of the offspring and the percentage
chance for each combination, a pedigree
indicates what actually happened. Specific
symbols are used when constructing pedigrees.

Marriage line Twins

O-Male (- Female O}FD % %
2

W — Exhibits character Descent line
11— Does not exhibit character
Generations

| DTO Parents
1 é) é) Children
1 2 3 4
i Grandchildren
Roman numerals 1 2 Arabic numerals
represent generation represent offspring
number in generation

Figure 1.39 Some common symbols used in
pedigrees, or family tree diagrams.

« Males are represented by squares.
» Females are represented by circles.

« If the sex is unknown, they are represented
by triangles.

« A marriage or breeding is indicated by a
horizontal line between a male and female.

« A vertical line between the parents
indicates offspring; if there are multiple
offspring, they are listed in order of birth
and joined together by a horizontal line
above them.

¢ The characteristic being investigated is
shown by shading. Note that this is not
always the recessive trait!

» Generations are represented by Roman
numerals and individuals by Arabic
numerals.

Pedigrees can be used to analyse
the inheritance pattern of a particular
characteristic. When analysing a pedigree to
determine whether an allele is dominant or
recessive, the following rules can be used:

o If neither parent has a characteristic and
some of their offspring have it, then it
must be recessive.

e If both parents have a characteristic and
some of their children have it, then it must
be dominant.

« If both parents have a characteristic and
none of their children has it, then it must
be dominant.

For the pedigree in Figure 1.430b, red hair is
recessive because individual I12 and his partner
do not have red hair but some of their children
have it. The parents are both carrying the allele
for red hair, but not expressing it. They both
contribute their allele for red hair to some of
their offspring.

Il Red-haired male
@ Red-haired female

Figure 1.40 (a) Red hair is a recessive allele, so two
non-red hair parents can have a child with red hair.
(b) Pedigrees often show recessive alleles ‘skipping’
a generation.
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[l — Tongue-rolling male
@ - Tongue-rolling female

Figure 1.41 A pedigree for tongue rolling.

Analysing pedigrees

Pedigrees can be analysed to determine

whether an individual will inherit a
characteristic. Look at the family pedigree
for the autosomal dominant condition of a
peaked hairline shown in Figure 1.43. The
father’s genotype is either HH or Hh because
he has a widow's peak (pointed hairline], but
the mother’s genotype is hh because sheis
unaffected (has a straight hairline).

1

Figure 1.43 The pedigree
of a family showing the
inheritance of widow’s
peaks. Some of the
children may have
widow's peaks or straight
hairlines.

Based on the pedigree, is the father’s
genotype HH or Hh?

What is the chance that the parents
(generation 1) will have a child with a
straight hairline?

What is the chance that the parents
(generation 1) will have a child with a
widow's peak?

Based on their children in generation lll,
what must the genotype be of individual
11?

None of the children of individual |12 have
the trait of widow’s peak. Does this match
the expected results of such a cross?
Explain how this is possible.

B O

HH or Hh hh

In the pedigree shown in Figure 1.41, tongue

rolling is dominant. This is because individual
11 and her partner are able to roll their
tongues, and some of their offspring can and
some cannot. This means that both parents
must be heterozygous for tongue rolling.

Figure 1.42 Although they are brothers, Chris
Hemsworth has a widow’s peak hairline but Liam
Hemsworth has a straight hairline.

|:| Unaffected
male
Affected
male

O Unaffected
female
. Affected
female
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QUESTIONS 1.2.4: PEDIGREES

Remember
1 What symbols are used to represent males and females in a pedigree?

2 A classmate believes the dominant trait is always shaded in a pedigree. Are they
correct? Explain when shading should be used.

Apply

3 Some people have ear lobes that hang free and some people do not (Figure 1.46).
Natalie has attached ear lobes but both Natalie’s parents and her brother Daniel have
free-hanging ear lobes (Figure 1.44).

a lIdentify whether the characteristic of free-hanging "
ear lobes is a dominant trait or a recessive trait.

Explain your choice.

b Use suitable symbols to represent the alleles for
the ear-lobe gene and then write the genotypes for

Natalie and her parents.
) ) ) ) Natalie Daniel
¢ ldentify the possible genotypes for Daniel. Explain

why you cannot know his genotype for certain. Figure 1.4 A pedigree of

Natalie’s family showing the

4 Examine the family pedigree in Figure 1.45. inheritance of free-hanging
ear lobes.
a ldentify whether the characteristic indicated by

shading is dominant or recessive. Explain your answer.

b If B represents the allele for the dominant trait and b represents the allele for the
recessive trait, write the genotypes for 11, 12 and person A.

¢ |Ifll4 and her partner had another child, calculate the chance of the child having the
characteristic indicated by shading. Show your working and Punnett square.

1

Figure 1.45 (a) Free-hanging ear lobes compared to (b) attached ear lobes.

Figure 1.46 Does this
pedigree show a dominant
or a recessive trait?
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GENETIC INHERITANCE

Remember

1 What are the purpose and the conditions
of a test cross? [2 marks]

2 Provide the names of the two laws of
genetics that were outlined by Mendel as
conclusions from his work on breeding
peas. [2 marks]

3 Explain the differences between the
following pairs of terms: [3 marks]

a autosome and sex chromosome
b geneandallele
¢ heterozygous and homozygous.

4 Explain in your own words what is meant

by the formula: [1 mark]

Phenotype = genotype + environment

5 Explain the differences in purpose
between Punnett squares and pedigrees.
[2 marks]

Apply

6 A newborn baby shows distinct facial
abnormalities. A karyotype (Figure 1.48)
was prepared to determine whether there
were any chromosomal abnormalities.

a ldentify the total number of
chromosomes shown. [1 mark]

b Determine if the child is male or
female. How do you know? [2 marks]

Figure 1.47 A karyotype of a newborn baby.

7 Draw a series of diagrams or a flow chart
to demonstrate how the genotype XXY is
possible. [2 marks]

8 Using the following information, draw
a pedigree showing the inheritance of
albinism. [4 marks]

e Generation | parents both have
unaffected skin pigmentation.

e Generation | parents have three
children: the first is a boy with
unaffected skin pigmentation, the
second is a girl with albinism, and the
third is a boy with albinism.

e The girl with albinism in generation
II'has children with a man with
unaffected skin: an unaffected
daughter and a son with albinism.

9 List the information that can be
determined from the pedigree in

Figure 1.48. [4 marks]

. e

Figure 1.48 What does this pedigree tell you?

Analyse and evaluate

10 Determine who would be affected by a
Y-linked gene. Explain why this is the
case. [2 marks]

11 In your own words, describe the clues you
would look for in a pedigree to determine
if the characteristic being investigated
was dominant or recessive. [2 marks]

Research

12 Find out about a genetic disease that is
inherited as an autosomal recessive trait.
Investigate:

a the name and chromosome location of
the gene responsible [2 marks]

b the frequency of the disease in the
population [1 mark]

¢ how the disorder is diagnosed
[2 marks]

d symptoms [2 marks]
treatment. [2 marks]
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GENE TECHNOLOGY

There has been an explosion of knowledge and understanding of genetics during
the last 50 years. Once the basic structure of DNA was understood, research into
its function and the effects of mutations on the structure began. Now we have the
ability to cut and paste sections of DNA to replace mutated genes or insert new

genes from a different species.

A key step to using genetics in medicine was
the completion of the Human Genome Project
in the early 21st century. A genome is the
full set of genes and alleles found in a species.
The Human Genome Project determined the
number of all human genes, their locations, and
many of their key base sequences. The genomes
of other species have also been determined
and are stored in huge databases. Geneticists
are continually adding to this database as new
information and sequences are identified.
Knowledge of the positions of genes and their
specific sequences allows geneticists to identify
mutations, and investigate the interaction
between different genes and the proteins that
they code for.

The analysis of genomes from humans
and other species, and the base sequencing
of the genes, has been made possible by the
development of fast computers. Scientists and
geneticists can also share their information
all around the world in a matter of moments,
saving time by not having to repeat work that
has already been done.

Advances in technology
and scientific
understanding

Scientists such as Walter Sutton, Theodor
Boveri, Reginald Punnett, and Thomas
Hunt Morgan in the 1920s made progress
in understanding the location of genes on
chromosomes. Where Mendel used the pea
plant, Morgan used the fruit fly (Drosophila
melanogaster), and his studies resulted in
the discovery of sex linkage. Morgan and his

B A\~

4 F2 Y(

Figure 1.49 Thomas Hunt Morgan in his laboratory
with jars full of breeding flies.

Figure 1.50 The fruit fly,
Drosophila melanogaster.

Figure 1.51 Two of the phenotypes of Drosophila melanogaster eye colour.

team spent numerous hours anaesthetising
the flies, and checking their eye colour and
other characteristics. From his results, Morgan
established the relative position of many
genes on the chromosomes. This is called gene
mapping and is used to determine the genome
of a species.
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The fruit fly was a very convenient
organism to use to study genomes and
inheritance because it only has four pairs of
chromosomes: three autosomal pairs and one
pair of sex chromosomes. Fruit flies also breed
prolifically, with each pair producing dozens
of offspring approximately every 2 weeks. This
enabled Morgan to generate lots of data from
repetitive trials and to ensure his results were
reliable.

Knowledge of the genome and gene
sequences of a species as well as understanding
protein synthesis enabled geneticists to
identify sequences that cause diseases or other
characteristics of interest. The techniques
and technology used for sequencing fruit-
fly DNA were used to sequence genes and
discover genomes of many other species, and
also helped lead to the discovery of restriction
enzymes and DNA ligases.

Restriction enzymes were first extracted
from bacteria in the 1960s. Restriction
enzymes are proteins that can cut the DNA
molecule at specific base sequences. Their
natural role is to protect bacteria from foreign
DNA (which they cut up and destroy). They
are called restriction enzymes because they
restrict the growth of other organisms by
destroying their DNA. The hunt for more
restriction enzymes continues because each is
specific for one sequence. The more restriction

[ ‘Sticky ends’

L]

DNA

C C
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Restriction
enzyme

IR

Figure 1.52 Different restriction enzymes ‘cut’ at different recognition sequences.
The unpaired bases of ‘sticky ends’ make it easier for the DNA ligases to join

segments.

enzymes we can use, the more ways we can
manipulate DNA.

Scientists and geneticists use restriction
enzymes with another group of enzymes called
DNA ligases, which were also discovered
in the 1960s. DNA ligases are found in all
types of living things, not just in bacteria. The
ligases attach or ‘link’ pieces of DNA together.
They tend to be less specific than restriction
enzymes and so can be used on a number of
different sequences. DNA ligases are vital for
normal DNA replication and are one of the
main enzyme groups responsible for repairing
damage to DNA and mutations.

Geneticists use restriction enzymes as
scissors and DNA ligases as glue. With these
genetic tools, genes can be cut and pasted into
different positions, chromosomes, organisms
and even into different species. These different
forms of DNA manipulation are collectively
known as genetic engineering.

Genetic engineering and
bioinformatics

Genetic engineering is the manipulation of
the genome of an organism, usually through
altering the base sequence of specific genes

or by transferring genes from one organism

to another. On a very basic level, genetic
engineering may be simply altering phenotypes
of organisms through artificial selection (bred
by humans to possess specific characteristics).

Genetic sequencing of genes can be useful
to identify the differences in base sequences
between alleles, especially those that may
cause genetic disorders. Sanger sequencing is
a technique that was developed in 1977, but is
still used today.

Sanger sequencing involves artificially
replicating DNA with bases that have
radioactive or fluorescent tags attached. The
‘tagged’ DNA is analysed by a computer that
detects the different tags. The sequence can
then be ‘read’, recorded, analysed, and stored
in large databases and accessed by scientists all
over the world.

Using fast computers is critical for the
analysis of DNA sequences. It enables the
comparison of DNA between individuals of
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the same or different species, and can help
to determine changes in DNA over time and
to establish evolutionary relationships. The
use of computers in genetic analysis is termed
‘bioinformatics’.

Once the sequence is determined
for a chosen gene, it can be cut out of a
chromosome using restriction enzymes and
inserted into a different organism using DNA
ligase. The second organism does not even need
to be the same species as the donor organism.
The organisms with new, inserted genes are
called transgenic organisms. Transgenic
organisms have artificially created genotypes.
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Figure 1.53 The Sanger sequencing technique
determines the base sequence of DNA through the
patterns produced using radioactive or fluorescent
tags on the nucleotides. Running the sequence

four times, each time only tagging one type of base,
produces the radioactive readout on the left. The
fluorescent tagging gives each base its own colour as
shown on the right.

The scope of this work is enormous. Genes
from other organisms can be cloned (copied)
inside rapidly multiplying bacteria and then cut
out of the bacterial chromosomes. The genes can
then be purified and inserted into faulty cells to
treat diseases. This process is called gene therapy.

Transgenic organisms can also be used
to produce human hormones or tissues
for transplants. For example, the human
gene responsible for producing insulin can
be inserted and expressed (activated) in
bacteria. With the bacteria now containing
recombinant DNA (DNA with the new gene),
it produces human insulin that can be used to
treat diabetes.

This form of biotechnology avoids the
rejection issues faced by using similar products
from animals such as pigs or sheep.

DNA fragment
containing the
human insulin gene

Insert DNA into
plasmid vector

Plasmid vector
(bacterial ring of DNA)

Recombinant plasmid

Bacterial
chromosome

Transformed
Escherichia coli cell

Independent
plasmid replication

QO
BY
l Cell multiplication
&)
B )es
Q

Colony of cells, each containing copies of the same
recombinant plasmid, which produce human insulin
that can be collected and purified

Figure 1.54 Transgenic
bacteria are often used to
clone specific genes and
to make useful products
like human insulin for
treating diabetes.
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Figure 1.55 These
transgenic pigs produce

a human protein that is
important for blood clotting.

Gene technologies in
medicine

Genetic technologies use the cutting power

of restriction enzymes and the sticking power
of ligases to remove genes from one organism
and insert them into another. New transgenic
organisms can be generated, such as pigs that
produce human proteins, or bacteria that
produce human hormones like insulin, that
can be extracted and used to treat illnesses.

Genetic sequencing and fast computers
are often used to diagnose and treat genetic
diseases because the location of defective genes
can be found quickly.

Gene therapy has been quite successful in
the treatment of cystic fibrosis (CF). Patients
with CF have a deficiency in a gene that controls
the production of a protein that regulates the
movement of ions across cell membranes. CF
sufferers have an accumulation of thick mucus
that can damage lung tissue, which reduces their
life span significantly.

Medical scientists have been able to clone the
healthy form of the cell membrane protein gene
in bacteria. The purified gene is then attached to
a carrier molecule called a vector. The vector is
usually a harmless virus and it is administered
as a drip inserted in the nose of a patient. The
viruses enter many of the lung cells and insert
themselves into the DNA in the nucleus, just
like a normal virus. However, the DNA they
inject is not harmful at all and contains the
healthy gene. When the lung cells divide, the
new cells contain the healthy gene.

In the cells where the gene is successfully
inserted, the change is permanent. All new
cells generated from these ‘treated’ cells will
produce the protein required to regulate ion

movement, and so reduce the build-up of
mucus in the lungs.

A controversial type of gene therapy
involves the insertion of a healthy gene into an
embryo. Parents who are known carriers of a
defective gene can undergo in vitro fertilisation
(IVF) and the defective gene of the embryo can
be replaced shortly after fertilisation - even
at the zygote stage. As the embryo develops,
the cells will have the unaffected gene. The
controversy arises because some people believe
that any alteration of an embryo is unethical.

Transgenic and gene therapy research is
ongoing. While the immediate results look
promising, there are still some concerns
about possible long-term effects of genetic
engineering on individuals and populations.
However, with more research comes more
data, which improves the reliability of the
results and conclusions that can be drawn.

Normal human gene
cloned in bacterium
W
% Normal gene (DNA sequence)
\) inserted into harmless virus (AAV)
g

)

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

/

Lung cell
Nucleus
Virus enters lung
cell nucleus
Normal gene
(DNA sequence)
inserted into lung cell
DNA by virus
]
Cells now with normal genes function normally

Figure 1.56 An example of gene therapy using a virus
as a vector.
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QUESTIONS 1.3.1: GENETICS IN MEDICINE

Remember

1 Define the term ‘genome’.

2 Define the term ‘recombinant DNA'.

3 What are the names of the enzymes used as ‘scissors’ and ‘glue’ in genetic engineering?
4 Provide two uses of DNA sequencing.
5

Distinguish between bioinformatics and genetic engineering.

Apply
6 Suggest a reason why geneticists often use bacteria to clone human genes.
7 Vectors are used in genetic engineering technologies.

a Define the term ‘vector'.

b Give an example of vector used in genetic engineering.

¢ Suggest why vectors are a necessary tool for genetic engineering.

Critical and creative thinking

8 Identify one discovery or innovation you consider to be a key step in the development in
genetic technology and discuss why you think it was/is so important.

9 Assess whether or not the following scenarios would result in a transgenic organism.
Justify your decision.

a A mutation occurs during meiosis and the affected sperm cell goes on to fertilise an
ovum.

b Human Clotting Factor 8 genes are inserted into bacteria to produce a treatment for
human haemophilia.

¢ Acarcrash surviver receives a heart transplant.

Research

10 Investigate one technology that is used to sequence genes. Draw a flow chart to explain
the main steps involved.

11 Research a disease that is currently being successfully treated with gene therapy (other
than cystic fibrosis). Name the disease and describe its main symptoms. Draw a flow
chart or diagram similar to Figure 1.56 to show how gene therapy for your chosen
disease is administered.

a



Figure 1.57 Bacteria are
sometimes used to digest
uranium waste.

Figure 1.58 Transgenic
pest-resistant varieties of
cotton, corn and potatoes
do not need to be sprayed
with pesticides.

OTHER APPLICATIONS OF GENE TECHNOLOGIES

Gene technology has wide applications. In
addition to medicine, gene technology has uses
in law, agriculture, ecology and conservation,
world hunger problems and the economies of
many countries. For example, the technique

of DNA profiling has become established as

a major tool in solving criminal cases and in
determining paternity (identifying the father of
a child).

Environmental
applications

Some of the devastating effects of
environmental oil spills and waste products
from mines have been reduced by the
development of bacteria containing genes
that produce proteins to break down
oil deposits and mining wastes. Other
microbes are genetically modified to be
able to extract heavy metals, such as
copper and lead, from deposits. This is
particularly useful when the amounts of
metals in the earth become too low for
large-scale mining.

Agricultural applications

Agriculture has been significantly affected by
the introduction of transgenic animals as well
as genetically modified (GM) crops and foods,
including plants that are resistant to certain

chemicals and pests.

Crops that have been engineered to
resist disease mean that poorer farmers can
grow them without the extra expense of
spraying herbicides and pesticides. Because
lower amounts of sprays are necessary when
growing these crops, production costs and
environmental pollution are reduced. It is also
possible to produce plants that are resistant to
herbicides, meaning that when herbicides are
sprayed on crops and weeds, only the weeds
will be killed.

Plants have even been developed with genes
that control the production of vitamins and
minerals. Golden rice has had genes inserted
from daffodils that help produce vitamin A,
making Golden rice much richer in vitamin A
than non-transgenic rice. Without adequate
amounts of vitamin A, people’s eyesight
can be severely impaired, even leading to
blindness. Other GM rice strains are being
developed to increase iron content. There
are also ‘pharm’ plants and animals that
produce pharmaceutical proteins required by
humans.

Increasing the nutrient value of cheap
crops, such as rice and wheat, may prevent
starvation and reduce malnutrition in areas
where people may not have enough money
to produce a wide variety of food for the
population.

Examples of plants that have been
genetically engineered include those shown in
Figures 1.58-1.60.
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Figure 1.59 Genetically engineered herbicide-resistant soy plants will survive the application Figure 1.60 Golden rice has the potential to
of glyphosate, whereas the weeds are killed. dramatically reduce the incidence of vision
impairment due to vitamin A deficiency.

DEEPER
DNA profiling UNDERSTANDING
Your DNA is like a fingerprint. While the base sequences of large sections of genes must be

identical for proper functioning, the specific sequence of bases in each chromosome is unique

to you. Certain regions of chromosomal DNA are known to be highly individual. Because of

this, identifying criminals (using samples found at crime scenes) has been made easier and

more accurate. DNA profiling is also very useful in paternity cases, in which there is more

than one possible father.

In criminal cases, DNA samples are obtained from all suspected individuals and the
victim. In paternity cases, DNA samples are usually obtained from the mother, the child and
the possible fathers.

All the samples are treated in the same way. Each DNA sample is broken into fragments
using the same restriction enzymes. The fragments are then separated on an electrophoresis
gel. The fragments are visualised using either a fluorescent dye or radioactive tags. The
fragments appear as bands in different positions. The bands of DNA from different individuals

can then be compared (see Figure 1.61).
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Figure 1.61 DNA profiling
can reveal a child’s
biological father.
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Possible father 1 Possible father 2 Child Mother
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The DNA profiles in Figures 1.62-1.64 show how ‘matches’ can be made. The more bands
that two individuals have in common, the more likely they are to be related. In a criminal

case, you would expect the bands from a crime-scene specimen to completely match the
suspect before a guilty verdict is pronounced.

1 The forensic DNA fingerprint analysis in Figure 1.62 shows the DNA profiles of a blood
sample taken from a crime scene and blood samples obtained from four suspects.

a Explain which suspect has been incriminated by the DNA analysis.

b Investigate the process of gel electrophoresis and describe how it produces DNA
profiles.

¢ Other than forensic DNA fingerprinting, suggest an application of this DNA-profiling
technology.

®

Direction
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fragment
movement
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scene

Figure 1.63 An electrophoresis plate comparing DNA profiles of four suspects with a crime
scene sample.

2 Figure 1.62 shows a small section of the gel electrophoresis results from a family’s
DNA fingerprint analysis. Which of the children is least likely to be the offspring of both

parents? Explain your choice.

®

©

G
[
G [ G
L
G [
L L
L L
L
G L L L
Father Mother Child 1 Child 2 Child 3

Figure 1.63 An electrophoresis plate comparing DNA profiles of five members of a family.
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3 Figure 1.64 shows DNA fingerprints from four sources: a sample removed from a crime

scene, a sample from the victim, and samples from suspects A and B. Do these DNA
fingerprints give conclusive proof that either of the suspects was involved in the crime?
Support your argument with evidence. Suggest why a sample from the victim was

included.
Crime scene Victim Suspect A Suspect B

sample

Figure 1.64 An electrophoresis plate comparing DNA profiles of the victim and two
suspects with a crime-scene sample.

Define ‘DNA fingerprinting’ and give two examples of when it may be used.
Provide an example of a genetically modified organism and explain why it was created.

Briefly describe a method that is used to insert ‘new’ genes into cells.

Suggest at least two reasons for genetically modifying crop plants.

Relate advances in technology to developments in genetic applications.

If you have not completed Activity 1.3.1, you may need to carry out some additional

research.

a lIdentify the two properties of DNA fragments that enables gel electrophoresis to
work.

b Draw a labelled diagram of the equipment required to run a gel electrophoresis
plate.
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THE ETHICS DEBATE

Ever since humans began to domesticate plants
and animals approximately 10 000 years ago,
we have been influencing nature. The artificial
selection of plants and animals for breeding
became common about 200 years ago. Some
of the results include cattle with good muscle
mass for beef or high milk production for dairy
products, high-yielding rice and wheat, and
disease-resistant crops.

Debating scientific issues

The media regularly presents scientific
issues. The articles tend to be opinion pieces
and use language to persuade the reader to
reach the same conclusions as the author.
But there is always more than one side to
any topic. Scientific journal articles tend to
be unbiased and rely on the facts and data to
carry the message. However, some scientific
issues, especially those involving genetic
engineering, often inflame personal opinion.
The ability to comment on and formulate

an opinion about a scientific issue requires
some understanding of the process involved
and an ability to critically analyse the
evidence presented in relation to the issue.

The art of debating

A debate is essentially a structured
argument with strict rules of conduct and
quite sophisticated arguing techniques.
Debating requires a topic and two teams
of three members each, who make up an
affirmative side and a negative side. The
affirmative side begins, with alternating
speakers from each team.

The team that argues to support the topic
is the affirmative team and the team that
argues against the topic is the negative team.
Often one of the most challenging aspects of
being in a debate is being a member of the
team that is arguing against your own beliefs.

The discovery of DNA and the development
of various gene technologies have enabled us
to manipulate organisms even further. But
along with all the benefits there are ethical
issues. It is no longer a question of ‘can we?’
but rather ‘should we?” How much is human
interference affecting human welfare and the
welfare of other species? Do the advantages
outweigh the disadvantages?

The debaters present their arguments
to support their team’s position, and rebuts,
or points out the flaws in, the other team'’s
arguments.

A debate is usually judged on matter,
method and manner. Matter is what you say,
method is how you organise what you say
and manner is how you present what you say.

Relevant scientific issues

Working in small groups, brainstorm some
of the relevant scientific issues that have
dominated the media over the past year.
From your brainstorm, formulate some
potential debate topics. Each topic should
begin with the word ‘That". For example,
‘That the government should collect and
store a genetic fingerprint of all individuals
at birth’.

Arguing your point

Form groups of six and then two groups of
three. Randomly select a topic and a side
(affirmative or negative). As a team of three,
research as much evidence as you can about
your issue and prepare to debate the topic
accordingly.

Other members of the class will act as
your audience and will be responsible for
assessing your team in terms of matter,
method and manner.
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Genetic screening and
testing

Genetic testing is carried out on people who
are known to be at risk of a particular genetic
disease or condition. This is usually evident

from an individual’s family history or pedigree.

Genetic screening refers to testing for a
variety of conditions regardless of a previous
family history of genetic disease.

Genetic screening and testing services
available in Australia include:

« maternal serum screening (MSS) - offered
to all pregnant women for the detection of
Down syndrome and spina bifida

« newborn screening - the screening of
all newborn babies for genetic diseases,
including phenylketonuria (PKU),
hypothyroidism and cystic fibrosis

+ adult screening to diagnose an existing
disease, determine a predisposition
to disease, or identify carriers with a
reproductive genetic risk.

Genetic screening helps with early
diagnosis of genetic diseases and subsequent
intervention. This will potentially minimise
the frequency of such diseases in subsequent
generations; however, it sometimes involves
some very difficult decisions. For example,
should parents who are carriers of genetic
mutations have children? What are the risks
of the tests? Who should be screened, and for
what? What is the impact of false positives?
What options are available if the result is
positive?

Genetic counsellors can help clarify the
situation, but they cannot make the decision
for the people involved.

Privacy is another big issue. Insurance
companies in the future may make a DNA
analysis part of an application for insurance.
Such information could lead to discrimination
against affected individuals or denial of
insurance.

The collection, storage and potential uses
of genetic information raise many ethical
questions, including access to and the possible
misuse of such information.

Gene therapy

Gene therapy involves the insertion of a
healthy gene into the chromosomes of an
individual with a defective gene. Gene therapy
that involves the body cells (somatic cells)

can be therapeutic only. This means that

the treatment of the mutation cannot be
passed on to the next generation. At present,
gene therapy targeting germ-line cells (cells
destined to become gametes) is not legal in
Australia.

Apart from the success with cystic fibrosis
and the great potential of gene therapy, limited
progress has been made since the first clinical
trials of gene therapy in 1990. Human trials
with gene therapy suffered setbacks with the
deaths of several people as a consequence of
the technique. The ethics of treating patients
with a technique that involves significant risks
to life have to be considered carefully.

Stem cells

Stem cells are undifferentiated cells

that can differentiate (change in
structure and function) into many
different types of specialised cell

types, such as muscle, nerve, liver

and blood cells. There are two types

of stem cells. Embryonic stem cells

are able to give rise to most cell types,
whereas adult stem cells can only give
rise to certain cell types. The use of adult
stem cells is relatively common and does not
raise the ethical concerns associated with
embryonic stem cell use.

-

Figure 1.65 A blood
sample is collected from a
newborn infant to screen
for phenylketonuria.

Figure 1.66 Neural stem
cells, a type of adult stem
cells, may one day be used
to treat nerve diseases.

Figure 1.67 Embryonic
stem cells can
differentiate into any
specialised body cell.
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Embryonic ethical concerns

There are many ethical issues associated with
the use of embryonic stem cells. Fertilising ova
in a laboratory can artificially produce embryos.
At present, such procedures are illegal in
Australia. The only embryos used for research
are those classed as ‘excess embryos’, having
been originally produced for use in IVF. The use
of these excess embryos is considered unethical
by some people because the collection of stem
cells destroys the embryo. In their opinion,
the embryos are potential life and their use in
research represents the deprivation of life to
these embryos. However, embryonic stem cells
have the potential to treat a variety of diseases,
including cancer, multiple sclerosis (MS),
Parkinson’s disease, motor neurone disease and
spinal cord injuries.

Some potential parents may also want
to select certain embryos over others. For
example, they may want a male child or a
female child. They may want a child with

Mammary cells
extracted from ewe
(uiescent
Donor ewe cell poised
Isolated for cloning
mammary cell

Cell grows and divides;

cells are starved of nutrients—
they become quiescent, all their
genes become active

Egg
extracted
from ewe

Nucleus
removed

Mammary cell fuses with egg cell that
lacks nucleus; a spark stimulates division
and development into cluster of cells

v
e
«

particular eye colour or hair colour. They may
choose a healthy embryo over one with, say,
cystic fibrosis.

Should parents be able to pick and choose
the characteristics of their child? What if the
embryo that has been produced does not have
the desired characteristics? What happens
to undesirable embryos? Should embryonic
screening be mandatory to help eradicate
genetic disorders?

Cloning

A clone is an exact copy of something else.
Individual genes are often cloned using bacteria
(see Figure 1.68). It is also possible to clone an
entire organism by the technique of nuclear
transfer. This production of a new organism is
called reproductive cloning.

Therapeutic cloning is a type of reproductive
cloning that uses the embryo as a source of
embryonic stem cells. Because the embryo is
effectively ‘killed’ for this to occur, some people
are ethically opposed to this technology, which
raises the question ‘when does life actually
begin?’

Some simple animals are able to clone
themselves, such as some worms and seastars.
Many plants are easily cloned from cuttings.
Large mammals including sheep and cows
have also been cloned by nuclear transfer.
However the process is not perfect, as the clone
organisms tend to have a much shorter life

span than normal.

“
n

luster of cells
surrogate mother
to divide, producing

a lamb genetically
identical to the donor

Figure 1.69 Dolly the sheep was the first mammal to

be cloned using nuclear transfer.
Figure 1.68 Cloning through nuclear transfer.
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The prospect of cloning organs and tissues
for transplants would have enormous medical
potential; there would be no risk of rejection
because the transplanted tissue would be
genetically identical to that of the patient.
But what if a whole human were cloned?
What ethical concerns would need to be
considered?

Genetically modified
organisms

One of the most controversial developments in
modern food production is the apparent rise
in genetically modified organisms, or GMOs.
As mentioned earlier, GM plants have been
modified to enhance desired traits, such as
increased resistance to herbicides or improved
nutritional content.

GM crops pose a threat to biodiversity
because they replace a number of natural
varieties of plants with one variety: the
genetically engineered plant. The number of
GM plant varieties has significantly increased
in the last decade or so.

The organic food movement is completely
against the principle of GM foods, and public
debate into the benefits and dangers of such
foods is likely to continue well into the
future. Some people believe that GM foods
pose health risks, although there is no clear
evidence for or against this.

QUESTIONS 1.3.3: THE ETHICAL DEBATE

Remember

A criticism of GM foods is the potential for
accidental gene transfer to other species. GM
plants may also contaminate non-GM plants
of the same species through natural cross-
pollination. Another concern is that increased
pesticide and herbicide resistance may develop
in insects and other pests. The GM plants that
have the pesticide and herbicide resistance may

then become vulnerable to the resistant pests.

Figure 1.70 This corn has been genetically modified
so that it produces a toxin that kills harmful insects.

Figure 1.71 The first commercial GM food in
supermarkets was the Flavr Savr tomato, in 1995.

1 Identify the potential importance of stem cells in medicine.

2 Define the term ‘cloning’.

3 List the main ethical concerns associated with the use of embryonic stem cells.

Apply

4 Suggest why some genetic diseases are screened for in the community, while others
are only tested for in individuals with a family history.

Ethical understanding

5 Suggest some ethical issues that may be associated with DNA profiling.

6 Asaconsumer, do you think that GM food should be labelled? Justify your decision.

Research

7 Research the history of Dolly the sheep and other cloned mammals. Construct a
timeline indicating when, where and what mammals were cloned, and their life span.
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GENE TECHNOLOGY

Remember 9 Describe the factors that would influence
your decision to purchase or avoid GM

1 Defi
- eline food products. [2 marks]

CHECKPOINT a GMO [l mark]
b transgenic organisms [1 mark]
¢ DNA profile [1 mark]

d bioinformatics. [1 mark]

10 Analyse whether or not large-scale
genetic screening programs have the

ability to reduce the prevalence of genetic

disease. Justify your decision. [3 marks]
2 Explain in your own words the

processes of: Ethical understanding
a gene therapy (3 marks] 11 Select one of the issues raised in this
b therapeutic cloning. [3 marks] section. Write a letter to the editor of a

3 Recall two reasons why GM plants may be newspaper stating your viewpoint on the
a threat to the environment. [2 marks] issue. Include evidence to support your

4 Explain why mapping and sequencing stance and consider the language you
the human genome has huge medical would use to help persuade your readers.
benefits. [2 marks] [3 marks]

2 12 Produce a scientific brochure outlining
\. ' Apply the advantages and disadvantages of
s I 5 Distinguish between gene mapping and purchasing GM fooFi pr.o.ducts. Remember
genetic sequencing. [7 marks] to use unbiased scientific language and

facts and data to support both sides of

6 Explain why DNA profiling is reliable i
xplain why profiling is reliable in the issue. [ marke]

identifying individuals. [2 marks]

7 The process of DNA profiling is often Research

used to analyse evidence in a crime. )
13 The debate around embryonic stem cells

is heated. Research the main reasons

for and against using embryonic stem
cells. How have governments intervened
in this area? Based on your findings, do
you think that using embryonic stem cells
could provide benefits to humans? Justify
your reasoning. [5 marks]

a Explain why this technique is a more
useful tool than just sampling blood
types. [2 marks]

b Suggest why an exact, 100% perfect
DNA match between suspect and the
crime scene evidence is sometimes

not possible. [2 marks]

.n\
“i *\ Analyse and evaluate

8 Give at least one example where
technological developments have led
to advances in biological or medical
understanding. [2 marks]

TOTAL MARKS

[ /40]
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1

Inheritable characteristics are coded for in the
Lengths of
which are organised into strands called

DNA is passed from parents to offspring in
in the organs. Due to

chromosomes of the parent, so only the characteristics coded for in the gamete will be

passed on.

As technology improves, so too does the ability to discover new facts about the structure and

of DNA. Gene mapping and

enzymes and DNA ligases have enabled mutations to be identified, located and replaced in
. However, the benefits of gene technologies should be weighed against
considerations taken into account.

gene
any disadvantages and

Fill in the gaps using the words in the Word Bank below:

that code for a particular characteristic are called ,

structure of the molecule DNA.

, which are produced and developed
, each gamete only contains half the

, and the discovery of

é chromosomes function
Eé DNA gametes
2 double helix genes
o

= ethical meiosis

reproductive

restriction C H A PT E R
sequencing

REVIEW

Identify that genetic information

is coded in lengths of DNA called
genes, which are joined together as
chromosomes

2 |dentify where DNA is usually located in a

cell. [1 mark]

Define the terms "haploid’ and "diploid".
[2 marks]

The structure of genes, chromosomes
and DNA is sometimes explained using
an analogy of letters and words. Describe
how you would apply this analogy to
nitrogen bases, genes, chromosomes and
genome. [2 marks]

Outline the Watson-Crick model of
DNA, and how it applies to replication
and mutation

5 Describe the basic structure of the DNA
double helix. [2 marks]

Describe complementary base pairing
and explain how it is important for
replication. [3 marks]

Recall the two main types of gene
mutation and identify which type usually
has the greater effect on the phenotype of
the individual. [3 marks]

Relate the structure and function of
human reproductive organs

8 Identify the key structures of the human
male reproductive system and outline

their role in sperm production. [3 marks]

Identify the key structures of the human
female reproductive system and outline
their role in ova production. [3 marks]

10 Explain why gametes are haploid.
[1 mark]

Identify that heritable characteristics
are controlled by the transmission of
genes and chromosomes

11 Explain the difference between genes and
alleles. [1 mark]

12 Explain the difference between a
dominant allele and a recessive allele.
[1 mark]

13 Describe how you would determine
the genotype of an individual with the
dominant phenotype. [3 marks]

14 Explain why only germ-line mutations are
heritable. [2 marks]
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TOTAL MARKS

[

CHAPTER

REVIEW

/60]

15 A blue-eyed woman, whose parents both
have blue eyes, has two children with a
brown-eyed man. Both the children have
brown eyes.

a Suggest which allele is dominant and
justify your choice. [2 marks]

b The couple have a third child, who has
blue eyes. Suggest the genotypes for
both parents. [2 marks]

¢ ldentify which parent is homozygous
and which is heterozygous for the eye-
colour gene. [1 mark]

Describe how developments in
genetic technology have advanced
medical understanding

16 You were growing peas in your backyard
and noticed that some of the peas had
yellow pods, while others had green
pods. Following in the footsteps of Gregor
Mendel, you decide to determine which
phenotype is dominant.

a lIdentify the genotypes of the
individuals you would cross to
determine which phenotype was
dominant. [1 mark]

b Explain how you would determine
that the parents were pure-breeding
individuals. [3 marks]

¢ All the offspring of your cross had
green pods. Deduce which allele is
dominant. [3 marks]

d If two F1 plants were crossed, what
proportions of green and yellow
pods would you expect in the next
generation? You may like to complete
a Punnett square to determine this
ratio. [3 marks]

17 Explain how the completion of the Human
Genome Project has enabled faster
identification and location of genetic
disorders. [3 marks]

18 Embryonic stem cells have the ability to
differentiate into any body cell. Using your
knowledge of DNA, explain how this is
possible. Explain why gametes cannot be
used for stem cell treatments. [2 marks]

Discuss some ethical advantages and
disadvantages of biotechnology

19 Identify at least two benefits and
two limitations of genetic screening.
[4 marks]

20 Give two examples of when GM crop
plants would be a significant advantage
over organic strains. [2 marks]

Assess the role of computers in DNA
sequencing and analysis (additional
content)

21 Explain how the development of fast
computers has enabled DNA to be
sequenced efficiently. [2 marks]

Research the applications of
bioinformatics (additional content)
22 Explain how the bioinformatics databases

are a powerful tool for geneticists.
[2 marks]

23 Research an example of when the
Sanger sequencing technique has been
used in Australia and describe how the
use of information technology is a vital
component. [3 marks]
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Choose one of the following topics for a
research project. Some questions have been
included to help you begin your research.
Present your report as a multimedia
presentation.

CNEAEREL

Breast cancer

To what extent does a family history affect
an individual's chances of developing breast
cancer? How is breast cancer detected and
treated?

A shrinking Y chromosome

The Y chromosome has been losing genes
over the course of time, and it is now only

a fraction of the size of the X chromosome.
How has this happened? Will it disappear
altogether? What is the future of the Y
chromosome? What effect will this have for
humans?

1 What was the most surprising thing
you found out about how DNA gives its
instructions?

1331434

2 What were the most difficult aspects of
this topic?

3 How has your understanding of genes
changed?

4 What new science skills have you
obtained from this chapter?

KEY WORDS
allele double helix
amino acid fertilisation
autosomal gamete
base gene
carrier genetic engineering
chromosome genetic screening
codon genome
deoxyribonucleic genotype

acid (DNA] haploid
diploid heritable
DNA ligase heterozygous
dominant homologous pair

Cloning

What other types of animals have been
cloned since Dolly the sheep in 19967 What

CHAPTER

REVIEW

are some of the arguments for and against

cloning?

Stem cell survival technique

Australian scientists have found a way to
keep muscle stem cells alive so they can
regenerate damaged tissue around them.
Why is this technique a breakthrough? What
does the technique involve? What are the

immediate uses of this technique?

My world

5 Why is it important to know about how

genes are inherited?

6 Why is it important to understand how
genetics can shape our lives?

My future

7 How do you think genetic screening might
be used in the future?

homozygous
karyotype
meiosis
monohybrid cross
mutation
nucleic acid
ovary

ovum
pedigree
phenotype
recessive
replication

restriction enzyme

sex chromosome

somatic

sperm

sugar-phosphate
backbone

test cross

testis

transgenic

Watson-Crick model
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MAKING
CONNECTIONS

Figure 1.72 Cystic fibrosis
affects the production of
mucus in the lungs, and
people with CF may need
help breathing.

Cystic fibrosis

Cystic fibrosis (CF) is a genetic disease that
predominantly affects children. CF is inherited
as an autosomal recessive trait. In most
instances, an affected child is born to two
unaffected carrier parents who may have no
family history of the trait. Diagnosis is made
shortly after birth from routine screening. A
positive test result can often be devastating
and confusing for the baby’s parents. In such
instances, the roles of the genetic counsellor
and the associated team of health professionals
are crucial in helping family members to
understand the diagnosis and what the future
holds for those affected by CF.

The mutation

In 1989, scientists identified the gene
associated with cystic fibrosis: the CFTR gene
on chromosome 7. Various types of mutations
have arisen in this gene, resulting in CF, but
the most common type of mutation results in
the delta F508 allele. This specific mutation
is a deletion of three base pairs at position
508 in the CFTR gene. The deletion prevents
the codon for phenylalanine obtaining its
normal position in the protein coded for
by the gene. Having two copies of this
mutation, inherited from both
parents, is the leading cause

of CE.

Effects of the

mutation

The product of the CFTR
gene is a protein that forms
a chloride ion channel, which

is important in creating sweat,
digestive juices and mucus. People
with CF have mucus and digestive
secretions that are thicker than normal.
Although most people without CF have
two working copies (alleles) of the CFTR gene,
only one working copy is needed to prevent CF.
When neither allele can produce a functional
CFTR protein, CF develops.

OXFORD INSIGHT SCIENCE 10

Prevalence

In Caucasian populations in Australia,
America and Europe, 1 in 25 people are
carriers for the CF allele. In other words,
they are heterozygous for the CFTR gene and
have the ability to transmit this mutation to
subsequent generations. This proportion of
carriers results in approximately 1 in 2500
children born being affected by CF. The
frequency of carriers is much less in some
other populations. For example, in Japanese
populations, the proportion of those affected

with CF is estimated to be as low as one in
300 000 births.

Figure 1.73 The mucus build up in the lungs can be
easily seen with an X-ray. (a) The lungs of a healthy
woman compared to (b) the lungs of a woman with

cystic fibrosis.



Treatment

There are many aspects to the treatment of
people with CF. Traditional treatment involves
the input, advice and expertise of various
healthcare professionals, with regular check-
ups and tests to monitor the condition and to
keep a check on a child’s growth, development
and wellbeing.

The future

CF is a lifelong condition. With improved
treatment, life expectancy has increased from
less than 10 years in the 1960s to an average
of 30-40 years. With current treatment, most
people with CF can live reasonably normal
and productive lives.

The discovery of the CFTR gene and its
faulty alleles, as well as further understanding
of its function, are now opening up new
possibilities in terms of treatment. One
such possibility is gene therapy. The field
of genetics has proposed gene therapy as a
plausible method for curing genetic disease.
Through gene therapy, a healthy version of
the defective CFTR gene could be inserted
into the affected cells in the body, particularly
those of the lungs. Such treatment does not
just treat the disease symptoms, it cures the
illness. To date, clinical trials involving gene
therapy have produced disappointing results,
with the effects short-lived and the benefits
quickly reversed. However, gene therapy as a
method of treatment does hold much promise
for the future as research into the most
effective methods of gene therapy continues.
Carrier genetic testing (the testing of at-risk
individuals for the presence of the gene before
they have children) is currently available in
Australia.

Questions

1 Whyis CF considered an autosomal
recessive disease?

How would a mutation arise in this gene?

Why does the deletion of the codon
prevent phenylalanine from obtaining its
normal position?

Figure 1.74 Physiotherapy helps clear the thick mucus secretions in people with CF.

4 How does the genotype of a person with
CF affect their phenotype?

5 How does being heterozygous for CF
affect the phenotype?

6 Do you think CF will become more
common in populations as time goes on?
Why or why not?

7 How has modern technology benefited
people with CF?

8 How do you think gene therapy could cure
CF?

9 Why do you think clinical trials are
conducted in new areas of research?
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EXPLAINING BIODIVERSITY 2 .1

We know that different plants and animals live in different parts of the world, but why are
they different? Why aren’t they more different? Early naturalists sought to explain the
biodiversity of the world they knew and to explain the presence and diversity of fossils of
creatures that no longer existed.

Students:

» describe scientific evidence of the evolution of present-day organisms

EVOLUTION OF A SPECIES 2. 2

Although Darwin may have been amongst the first to hypothesise the effect of natural
selection on evolution, it is current research and evidence that has confirmed the theory
that species change and adapt to better suit and survive in their environment. Any mutation
that is an advantage to an organism increases the likelihood of that individual surviving and
reproducing to pass on ‘good’ genes to the next generation.

Students:

» explain how natural selection can change populations

» outline how genetics and environmental factors influence the survival of
individuals and species

EVIDENCE FOR EVOLUTION 2.3

Evolution is a scientific theory, which means it is supported by valid and reliable evidence
from a range of different sources. The fossil record, plate tectonics, genetic mutations
and changes in environmental conditions all point towards evolution. Carefully designed
experiments and fair tests have generated huge amounts of data, all of which help confirm
the theory of evolution.

Students:

» relate the fossil record to evidence of the age of the Earth and evolution

59



Figure 2.1 Lamarck
believed that giraffes
stretched the length of
their necks to reach food
and that their offspring,
and later generations,
inherited the resulting
long necks.

Figure 2.2 Lamarck’s
theory identified
‘shrinking’ vestigial
structures as those that
were no longer useful,
such as (a) the whale
pelvis and (b) the human
appendix.

EXPLAINING BIODIVERSITY

We know there are many different types of plants and animals across the planet,

and we are only beginning to appreciate the diversity of bacteria, fungi and
protists. The diversity of living things is not consistent across the planet; different

places have different organisms. It was once thought that all organisms were

created in their current form, and that organisms do not change over time. Early

naturalists started to look for other explanations of why organisms look like they

do and whether they change over time.

EARLY EVOLUTIONARY IDEAS

Evolutionary ideas were all first proposed
without any knowledge of DNA and genetic
inheritance. As scientific knowledge has
increased, some ideas have been rejected, while
some have been supported by new findings
in genetics, developmental biology and
palaeontology. There is now considerable
unbiased, reliable and valid scientific
evidence that supports evolution,
which is why it is now considered a
scientific theory.

Lamarckian theory

One of the first documented
explanations for changes in species
over time was by Jean-Baptiste de
Lamarck, a French naturalist, who
believed in evolutionary change - that
organisms change over time due to changing
environmental conditions. He is best known
for his theory of inheritance of acquired
characteristics, which was first presented
in 1801. In this theory, Lamarck proposed
that an organism can develop characteristics
during its lifetime in order to adapt to its
environment, and that those changes are
passed on to its offspring. In other words, the

Pelvis

change is made by what the organism wants

or needs. Lamarck also stated that body parts
not being used, such as the human appendix
and little toes, are gradually disappearing and
eventually people will be born without these
parts. So, the more a limb or aspect of the body
was used, the bigger or stronger it became. The
less a limb was used, the smaller and weaker it
became until it disappeared entirely.

Although most of Lamarck’s ideas were
supported by what he saw around him, they
could not be tested or replicated and were
attacked by the French scientific establishment
as being unreliable.

Appendix
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Darwin sets sail

For Charles Darwin, an English naturalist and
geologist, explaining biodiversity was of great
importance. Darwin was well educated and had
been exposed to the sciences through his father
and grandfather, who were both physicians.
Darwin'’s grandfather had sought to explain life
in evolutionary terms in a book he published in
1794: ‘Would it be too bold to imagine that all
warm-blooded animals have arisen from one
living filament?’ This question was too bold for
its time and lacked substantial evidence.
Darwin had also read the works of
Lamarck. With this background of scientific
thought and process, the young naturalist set
sail on a 5-year world cruise as the unpaid
naturalist aboard HMS Beagle. The year was

1831 and Darwin was just 22 years of age.

Figure 2.3 The HMS Beagle.

A diversity of life

Over the 5 years of the HMS Beagle’s voyage,
Darwin investigated the geology of the places
he visited and collected all manner of wildlife
and fossils - the remains of living organisms.
Darwin carefully recorded the details of each
specimen before sending the collection back to
England by ship. During this period of intense

Figure 2.4 Darwin collected a huge range of samples,
and sent the specimens back to England.

record keeping and observation of natural
systems, Darwin questioned traditional views
and developed his hypothesis for the origin

of species. Darwin made his most significant
observations during the final stages of the
voyage, when the HMS Beagle headed westward
into the Pacific to the Galapagos Islands.

Galapagos Islands

The Galapagos Islands are a chain of volcanic
islands about 1000 km west from mainland
Ecuador. The eastern-most islands are the
oldest, with substantial plant growth and
weathering, whereas the western-most islands
are the newest and are still volcanically active.
Darwin and his helpers collected specimens
from the Galapagos, seeking to obtain at least
one of each species. Among the specimens
collected were 13 finches, all of which
resembled one another in terms of the general
form of their bodies and plumage. Yet each
specimen had slight differences in beak size
and shape and represented a new species. Most
had also been found on different islands. In
his journal, Darwin noted that these creatures
held a striking similarity to those found on the
mainland. He wondered, if new and different
beings had been created for each island, why
did they look so much like those from the

mainland?
O
: : _ & Santa Cruz
N | ki San Cristobal
Espaiola

0 50 km

Figure 2.5 The Galapagos Islands.
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Figure 2.6 Three different species of ‘Darwin’s’ finch, found on three different islands: (a) medium ground finch
on San Cristobal Island, (b) large cactus ground finch on Espafola Island and (c] cactus ground finch on Santa
Cruz Island.

ACTIVITY 2.1.1: ANALYSING BEAKS

Figure 2.7 shows the various finch species that are now recognised from the Galapagos
Islands. In pairs or small groups, analyse the size and shape of the beak to account for the
relationship between beak shape, habitat and food types. Report back to the class and try
to establish trends of similarities or differences.

Camartynchus psittacula . Camarhynchus heliohates
& = (S )
P = |
Camarhynchus pauper @) ‘ s/ (ﬁ}, Camartynchus pallidus

Camarhynchus parvulus ' ;

" Pinaroloxias inornata

%ﬁe[}spm fulginosa

Geospiza fortis
Eood source Geospiza difficils Geospiza magnirostris Habitat
~ insects B trees
buds and fruit B ground
. cactus and cactus seeds cacti
[ seeds ancestral seed-eating
ground finch

Figure 2.7 The Galapagos finches show beak diversity because of the types of foods they eat and
variations in their habitat.
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Figure 2.8 Different species of tortoise have distinctly shaped
shells as a result of the different habitats on the different islands.

The dry, volcanic Galapagos Islands looked
desolate and the only plants present struck
Darwin as ‘wretched-looking weeds’. As he
walked across Chatham (San Cristobal) Island’s
rugged lava surface, Darwin came across two
huge tortoises ambling along a well-beaten
path.

A few days before Darwin left the
Galapagos Islands, the Islands’ Vice-Governor
remarked that he could tell which island a
tortoise came from by the shape of its shell.
This provided Darwin with the inspiration he

QUESTIONS 2.1.1: EARLY EVOLUTIONARY IDEAS

Remember

needed. Indeed, this is the main way in which
the various types of tortoise on the Galapagos
Islands differ: the shape of the tortoise’s shell
depends on its environment, which varies
significantly depending on the island. Tortoises
that live on dry islands, such as Espafiola
Island, have shells that are raised at the front
so the tortoises can reach up for vegetation.
In contrast, tortoises that live on large islands
with dense vegetation have domed shells to
help them push through the shrubbery.

1 Inyour own words, describe how Lamarck thought species changed over time.

2 List the feature of the tortoises that identified which of the Galapagos Islands they were
from.

3 Finches are found in many places around the world, including South America and
the Galapagos Islands. Identify features of the
Galapagos finches that led Darwin to believe they
should be classified as several new species.

55 o]

Apply

4 Propose a piece of evidence that refutes
Lamarck’s theory of inheritance of acquired
characteristics.

5 Fennec foxes have particularly large ears (Figure
2.9). Suggest how Lamarck would account for this
characteristic.

6 Are the east islands or west islands of the
Galapagos younger? Explain how the age of the
islands could influence the variety of finches

Figure 2.9 How would Lamarck
explain why the Fennec fox has such
found there. large ears?

2.1 EXPLAINING BIODIVERSITY



Figure 2.10 In Darwin’s
time, pigeon breeding
was a popular pursuit
and many new forms of
different traits were being
bred.

Figure 2.11 Alfred Russell
Wallace (1823-1913)
arrived at the same theory
as Darwin about the same
time. Wallace’'s work

was conducted in Asia,
whereas most of Darwin’s
observations were made
in the Americas and
Africa. Darwin had the
advantage of a wealthy
family that could assist
him in being published.
Perhaps this is why
Darwin received most of
the credit.

DEVELOPING THE THEORY OF EVOLUTION

On 2 October 1836, the HMS Beagle reached
the shores of England. A year later, Darwin
was arranging his Galapagos collections and
finishing work on his journal, which became
known as The Voyage of the Beagle. Again, it
struck Darwin that if each species had been
created independently, why should some
details have been repeated in the different
tortoises and birds, whereas other features were
distinctly different?

The idea of species haunted Darwin and
he thought that if he was ever to make sense
of it, he needed to collect as many facts about
variations in plants and animals as possible.
This search led him to investigate the breeding
of domestic species such as pigeons.

Artificial and natural
selection

Selective breeding, or artificial selection,

has been a human pursuit for well over

10 000 years, when many human populations
moved from the hunter-gatherer lifestyle

to more permanent settled communities.
Selective breeding is essentially humans
choosing breeding partners for plants and
animals in an effort to ‘select’ certain traits
for their offspring. Over many generations,
the ‘wild’ traits are often lost and the species is
considered ‘domesticated’. Darwin, and many
other pigeon breeders, selected all manner of
different traits to create new breeding lines of
pigeons.

Darwin then wondered how ‘selection’
occurred in nature. The answer Darwin was
seeking came from the work of Thomas
Malthus, whose paper An Essay on the Principle
of Population gave Darwin the insight he
needed. Malthus argued in his paper that
the human race would completely overrun
the Earth if it were not held in check by war,
famine and disease. Darwin extrapolated from
this that, under changing circumstances,
favourable variations would tend to be
preserved and unfavourable ones would be
destroyed.

At last Darwin had a hypothesis to test,
although it would take another 20 years of
painstaking hard work before he was convinced
that his hypothesis had enough support to be
developed into a theory. Alfred Russell Wallace,
a naturalist who had worked in the East Indies,
sent Darwin a copy of his manuscript in which
he had independently arrived at the same
concept of natural selection. In 1858, Darwin
and Wallace jointly published a paper, and in
1859 Darwin published his book On the Origin
of Species by Means of Natural Selection.

One mechanism Darwin proposed that
enabled natural selection to occur was sexual
selection. All organisms that reproduce sexually
have some measure of choice over which
individual they reproduce with, although
some much more than others. This is most
easily seen in animal species where one gender
picks or selects the other based on particular
characteristics. For example, female peafowl
(peahens) will mate with the male peafowl
(peacock) with the most and brightest eyespot
feathers. This is probably because the quality of
feathers is an indication of health.

Evolution by natural selection occurs as
a result of competition between individuals
in a population with different traits. This
competition may be for food, shelter or mates.
Selection for traits that provide an advantage
with regard to mating is called sexual
selection. Sexual dimorphism is the term
that describes the male and female of the same
species being different in appearance (di means
two; morph means shape).
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Figure 2.13 The devil angler (Linophryne indica) fish

is an example of extreme sexual dimorphism. The
female is approximately 51 mm long, whereas the
Figure 2.12 Female peahens will ‘select’ a mate male attaches himself as a parasite to the female and
based on the quality of the peacock’s feathers. isonly 15 mm long!

In small groups, discuss the factors that determine mate choice in humans. For example,
are there certain features of a person’s physical, mental, intellectual or emotional make-up
that tend to make them more attractive to the opposite sex? Do these factors change from
one generation to another? Do these factors change from one culture to another? How
might these choices affect the human species? Are there similarities with other animals?

Share your groups’ thoughts with the class, and then discuss whether you believe this
to be artificial or natural selection.

On the Origin Of SpeCieS » Individuals in a species vary.

e Much of th iation is heritable (trait
Darwin’s book On the Origin of Species by ucho d fe variation 1s erfffa (? (traits
Means of Natural Selection was largely one are passed from parents to offspring).

long argument for the theory of evolution by « Reproductive capacity is greater than

natural selection. Darwin made the following needed (many species produce more

observations. offspring than are required to maintain

population size).

* Resources are limited.

Figure 2.14 The number
of individuals in a
population or species
tends to remain constant
if the ecosystem in which
they live is also stable. In
other words, the birth rate
matches the death rate
and, as a consequence,
equilibrium, or balance, is
achieved.
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Figure 2.15 (a) An interpretation of Darwin’s tree of life and (b) his diagram in notes
for his book On the Origin of Species by Means of Natural Selection.

Based on these observations, Darwin

inferred:
« there is a struggle for existence

» individuals best suited to the environment
(the ‘fittest’ individuals) survive and
reproduce

« over time, this results in populations
adapting to the environment and can lead

to new species.

Darwin recognised the role of geographic
isolation in the formation of new species and
said that the small differences within a species
could lead to more distinct differences between
species over time. Although these observations
may seem relatively obvious to us, they were
nevertheless a major conceptual challenge for
many people, including many scientists, of
Darwin’s time.

The two basic ideas that flowed from
Darwin’s book are the concept of the ‘tree of
life’ and the theory of evolution by means of
natural selection.

In his tree-of-life metaphor, Darwin
depicted living organisms as being organised
like the limbs of a great tree, with more general
groups branching into more specific ones.

He noted that classification systems already
reflected this branching in their hierarchical
arrangement of species. Darwin suggested

it was the conditions of the environment in
which a species lived that determined which
traits and characteristics would make them
‘fit’, and the differences in environmental
conditions across the world explained the
differences between species.

In his theory of evolution by means of
natural selection, Darwin concluded that:

+ species change over time

» some species become extinct

» some species keep diverging, splitting
eventually into multiple descendent species
- ‘common descent’.

66 OXFORD INSIGHT SCIENCE 10 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



DEEPER

Wallace’s Line UNDERSTANDING

Alfred Russell Wallace was a naturalist working at the same time as Darwin. Wallace
collected specimens in tropical regions, particularly the Malay Archipelago, which is

now Malaysia and Indonesia. During his eight years in the Archipelago, Wallace collected
thousands of insects, shells and bird skins, as well as mammal and reptile specimens,
many of which were new species to science at the time. One of his notable discoveries was
Wallace’s golden birdwing butterfly.

During his time in the Archipelago, Wallace proposed the theory of
natural selection as the mechanism of evolution. After corresponding
with Darwin, both he and Darwin published papers in a journal of the
Linnaean Society of London.

Wallace is best known for his discovery of what is called Wallace’s
Line. Wallace found that the fauna (animal species) of Asia and
Australia, which are strikingly different, divide along a line that runs
through Bali and Borneo, continues north through Lombok and
Sulawesi, and then east of the Philippines. It has since been discovered
that this line is approximately the collision zone between the Asian and
Australian continental plates. Figure 2.16 Wallace's golden birdwing butterfly.
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Figure 2.17 Wallace’s Line - the fauna are strikingly different on either side of the red line.
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Biogeography

At the beginning of the 17th century, the
English philosopher Francis Bacon noted that
the east coast of South America and the west
coast of Africa looked as though they could fit
together like pieces of a jigsaw. Since this time,
geologists have developed our knowledge of
the structure of the Earth and the movement
of continents. The theory of plate tectonics
is well supported by observations across the
planet. At one time all the continents were

connected in a single landmass called Pangaea.
This supercontinent then broke in two to form

Gondwana in the south and Laurasia north of
Figure 2.18 A jigsaw fit of Africa and South America. the Equator.

Tethys Sea

Australia

Antarctica

\ "2

’ﬁ Fossils of Mesosaurus were found These present-day organisms are similar
in Argentina and Africa but nowhere R to organisms on other continents
else in the world (e.g. marsupials in Australia and South America)
:ml Fossil ferns Glossapteris and Gangamapteris Fossil evidence tells us that Cynognathus,
were found in all the southern land masses a Triassic reptile, lived in Brazil and Africa
ft Remains of Lystrosaurus were found in Distribution of late Locations of major
Africa, Antarctica, and India Palaeozoic glaciers plateau basalts

Figure 2.19 Evidence for the existence of supercontinent Gondwana.
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The theory of plate tectonics has had a major impact on evolutionary theory because living
organisms were carried on the landmasses when they moved and separated.

Biogeography, the distribution of the fossils of extinct plants and animals as well as modern-
day species, supports the theory of plate tectonics. Some continents share very similar organisms
even though they are separated by large stretches of ocean because they were once joined together.
The distribution for animals that are able to fly or swim is less predictable, but for the rest,
continental movement is the only convincing explanation.

Figure 2.20 How the
continents have drifted:
the continents

(a) 220 million years ago;
(b) 135 million years ago;
(c) 65 million years ago;

South ) .
America Africa Australia South \ Australia and (d) today.

Antarctica America Africa
Antarctica

Plate tectonics provide a well-supported explanation for the geographical isolation of species
that eventually results in speciation - the evolution of a new species. The biogeography of
groups of similar species, such as the ratites (flightless birds), and the existence of marsupials on
several continents, can be explained by movement of continents. ‘Coincidence’ is simply not a
scientific explanation. Wallace's line identifies this variation and similarity in species according
to geography, although he did not have the knowledge and understanding of plate tectonics to
explain why this variation existed.

_ Cassowary
- Paplia.New Guinea

N

Figure 2.21 Similar

Cassowarh T
Emu x @ $ v Zea%ﬁj E
Kiwi
species of animals and
plants are found in

%Nathofagus <= Lung fish (Q'Possum Opossum & f % 4 A? Large flightless birds continents that originally

made up Gondwana.
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1 Explain, in your own words, the concepts of the ‘tree of life” and the ‘struggle for
existence’.

Name the continents that made up the ancient supercontinent of Gondwana.

3 Identify the significance of Wallace’s Line.

4 Propose a reason why Darwin waited so long between arriving at his hypothesis and
publishing his theory of evolution by natural selection.

5 Explain the links between the relevant observations Darwin made with his inferences
that were published in On the Origin of Species by Means of Natural Selection.

6 The frogs of Australia show their closest evolutionary relationships to frogs in Africa
and South America (Figure 2.22). Suggest a logical explanation of how is this possible.

Figure 2.22 (a) An Australian orange-thighed
tree frog and (b) an orange-eyed brown tree frog
from Madagascar.

7 The Virginia opossum is a common marsupial found in North America. There
are 5-million-year-old fossils of opossums from South America and 1-million-year-old
fossils from North America. Identify whether this supports or disproves the theory of
plate tectonics. Justify your reasoning.
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EXPLAINING BIODIVERSITY

Remember and understand

1 ldentify the observations made by Darwin
about the origin of species. [2 marks]

2 Explain the difference between a
hypothesis and a theory in science.
[2 marks]

3 Propose how Wallace’s Line may have
formed. [2 marks]

4 Define ‘artificial selection” and explain

why it is different from ‘natural selection’.

[2 marks]

5 Identify reasons why organisms found
on islands, like the Galapagos, would be
similar to those on the mainland, but not
identical. [2 marks]

Apply

6 Develop your own hypothesis about
something you have observed in the
animals or plants around you. How might
you test this hypothesis? [3 marks]

7 Use an example, other than those used in
the text, to illustrate Darwin’s inference
of the struggle for existence. [2 marks]

8 Relate the structure of Darwin’s tree of
life to modern classification systems.
[2 marks]

Analyse and evaluate

9 Compare natural selection and sexual
selection. [2 marks]

10 Sexual selection may lead to exaggerated
traits such as the peacock’s tail. Explain
why traits that may be a disadvantage in
the natural environment may be favoured
in sexual selection. [3 marks]

11 Both Darwin and Wallace developed the
theory of evolution by natural selection
while studying life in the tropics on
islands such as the Galapagos. Suggest
why studying islands was so helpful.

[2 marks]

Critical and creative thinking

12 Create a timeline of important scientific L
events leading up to the publication of CHECKPOINT
Darwin’s book about the origin of species.
[5 marks]

13 The field of palaeontology was relatively
young in Darwin’s time. He predicted that
‘missing links’ between groups would
be found in the fossil record. Research
one example of a transitional fossil
such as Archaeopteryx, Australopithecus
or Tiktaalik and propose how the fossil
record may fill in the blanks’. [3 marks]

14 The theories of Lamarck and Darwin
are often compared and contrasted in
the form of cartoon strips. Prepare a
three-part cartoon strip for each theory
that clearly identifies the similarities
and differences between these theories.
[5 marks]

Making connections

15 Speculate how Darwin’s theory may
have been different had he known
about genetics, the age of the Earth,
plate tectonics and other related ideas.
[3 marks]

TOTAL MARKS
[ /40]
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EVOLUTION OF A SPECIES

Dogs have been bred for centuries by most human cultures. Dogs were
originally bred for qualities such as hunting, herding, companionship and
protection, but since the 1850s they have also been bred for their looks. When
organisms reproduce sexually and the resulting offspring are able to survive
and continue reproducing, then the original parents are considered to be of the
same species. This idea of ‘species’ is relatively recent and is a crucial aspect
of evolutionary theory.

NATURAL SELECTION

To date, the theory that best explains the diversity of life forms and the evidence of change over
time is Darwin’s theory of evolution by natural selection. Darwin argued that it was entirely
possible for one species to evolve gradually into a separate species, with its own unique traits, over
many generations.

As Charles Darwin and Alfred Russell Wallace pointed out, an individual doesn’t evolve;
rather, populations do. A population is a group of interacting individuals of a species living in a
particular area. A species is defined as organisms that can reproduce to produce offspring that are

both viable (able to survive) and fertile (able to reproduce).

Figure 2.23 It is
sometimes possible for
organisms of different
but similar species to
reproduce; however, their
offspring are often unable
to live a normal, healthy
life and usually cannot
reproduce. These hybrid
animals are the result of
crosses between a zebra
and (a) a horse (zorse) and
(b) a donkey (zonkey).

Natural selection is the principle
mechanism for evolution. Darwin proposed
four requirements for natural selection:

1 Variation exists between individuals in a
population.

2 Many differences between individuals in a
population are inherited.

3 Not all individuals in a population survive
to produce offspring.

4 Those individuals in a population that are

‘fitter’ (better adapted to the environment)

contribute more to the next generation Figure 2.24 ‘Survival of the fittest’ doesn't refer to
those animals that can run the fastest; it refers to any

. . feature or characteristic of a species that will help to
as survival of the fittest (Figure 2.24). survive and ‘fit" into its environment.

than those that are less fit. This is known
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This is a whole-class activity but requires students to be in groups of four or five.

What you need: different tools (e.g. spoons, forks, chopsticks or straws), different types
of lollies (e.g. soft, hard-boiled or wrapped), plastic bowls

> Remind your teacher if you have food allergies or diabetes - you may not be able
to eat the lollies.

1 Each group of students has a different type of eating utensil, such as spoons, forks,
straws and chopsticks. Every member in the group has the same type of utensil.

2 Each group has the same mix of lollies.

3 Using only the tool provided, try and move as many of the lollies as possible from one
bowl to another in 1 minute.

¢ Which of the eating utensils was the most successful at gathering lollies?

e Which of the eating utensils was the least successful at gathering lollies?

e Was there a relationship between the type of lolly and the type of effective tool?
e QOver time, what might happen to the numbers of each lolly type?

e If a new tool that enabled certain lollies to be gathered much more easily was
introduced, what effect could this have on the numbers of each lolly type?

e How could this simulation be used to analyse the changing features of populations
over several generations?

What you need: gymnasium or space outside set up for different physical challenges such as
jumping height, reaction time or flexibility. There could even be some basic problem-solving
challenges such as 3D puzzles or other logic games. Students could be responsible for
planning and setting up the stations. You may be able to borrow equipment from the

PE department. Make sure you choose a range of activities to suit everyone’s abilities.

1 All members of the class are to complete each station in a ‘round robin’ style, recording
their results for each station in a previously agreed format.

2 Where members are unable to complete the activity, either for time or health reasons,
this should be noted as ‘unable to complete’.

3 Once complete, merge the data into a single class set for analysis.
e Who was the best at each activity? Were these people the same for every activity?

e If these tasks represent the activities an organism needs to do to survive, how many
people in the class will survive? What if one activity was much more important to
survival?

e Evaluate this activity as a model for evolution by natural selection.
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Variations in populations

Natural selection depends on the variation

of traits within a population, but where does
this variation come from? All members of

a species share a set of common traits that
help to define them as a species. For example,
Homo sapiens (humans) are identified for the
purpose of classification as:

¢ an animal (kingdom Animalia)

» with a notochord (phylum Chordata)

« with a segmented spinal cord (subphylum

Figure 2.25 Kingdom Vertebrata)

Animalia, phylum

Chordata .  that suckles its young (class Mammalia)

» that gestates its young with the aid of a
placenta (subclass Eutheria)

that is equipped with five-digit limbs, a
collarbone and a single pair of mammary
glands on the chest (order Primates)
that has eyes at the front of the head,
stereoscopic vision and a proportionately
large brain (suborder Anthropoidea).

Figure 2.27 ... class
Mammalia ...

Figure 2.30 ... suborder Anthropoidea ... Figure 2.31 Homo sapiens.
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Our species belongs to the family
Hominidae and the genus Homo (larger-
brained hominids that appeared approximately
2 million years ago) and is characterised by
a higher and more vertical forehead, a round
skull, small face and teeth, a prominent chin
and a longer, more slender skeleton. Despite
these unifying traits, no two people (except
for identical twins) look the same. Most
traits differ from one individual to another,
especially in sexually reproducing species.

Much of the variation between
individuals is due to genetic differences
that can be inherited - something that
Darwin and his contemporaries observed
but did not understand. Individuals of the
same population generally have the same
number and types of genes, but different
alleles (variations of the genes, as discussed
in chapter 1). All the genes in the entire
population can be thought of as a gene pool
- a collection of genetic information. The gene
pool includes all the alleles for all the genes
in the population: all the variations possible
without new mutations.

Mutations

You have about 20 500 genes, each of which
may have several alleles. It has been estimated
that there may be more than 70 trillion
different allele combinations! Consequently, it
is extremely unlikely that another person with
your exact genetic make-up has ever lived or
ever will (unless you have an identical twin).
Only alleles that already exist in parent DNA
can be inherited, unless a mutation creates
new alleles in the DNA of gametes.

As you read in chapter 1, mutations can
occur at the gene level or at the chromosome

level. Some mutations may be lethal, having
a drastic effect that results in death. Others
may be neutral, neither helping nor harming

an individual. Natural selection does not
increase or decrease the frequency of
neutral mutations in a population
because they do not influence an
individual’s chances of surviving or
reproducing. One example of this

is syndactyly - webbing between

the fingers or toes. It is common
because a developing foetus has
webbing that undergoes apoptosis,

or ‘programmed cell death’, to
remove it before the baby is born (see
Figure 2.34).

A mutation may also give an
individual a survival advantage. Even if the
advantage is small, it increases the chance of
that individual surviving to reproduce and pass
on those ‘favourable’ alleles. Chance events
or natural selection may preserve the mutated
gene and ensure its representation in the next
generation.

Beneficial and neutral mutations have been
accumulating in different lineages for billions
of years. Through all that time mutations have
been the raw material for evolutionary change
- the basis for the staggering range of biological
diversity, past and present, as environmental
conditions change and favour them.

Allele frequencies

In the real world, populations are always
evolving. How common an allele is

within a population is considered to be its
frequency. The allele frequency changes when
environmental conditions change to make that
allele favourable or detrimental.

Figure 2.32 These
Siberian huskies have
genes for eye colour, but
different versions, or
alleles, of these genes.

Figure 2.33 Gametes
contain all the genes,
and therefore alleles,

of new life. Mutations in
gamete cells are the only
way for new alleles to be
introduced into the next
generation.

Figure 2.34 Syndactyly
is neither an advantage
nor a disadvantage

to modern humans

and so the mutation
persists at a relatively
constant frequency in the
population.
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DEEPER
UNDERSTANDING

Camouflaged moths

In the 1950s, scientists in England
documented changes in the colour of

the moth species Biston betularia. These
moths range in colour from light grey to
nearly black. During the day the moths rest
motionless on tree trunks. In unpolluted
areas, tree trunks are covered with light
grey lichens, against which the light grey
moths are well camouflaged. In areas with
severe air pollution, lichens cannot survive,
so the tree trunks are lichen-free and dark,
exposing lighter moths to predation from
birds.

It seemed to researchers that, as
areas became more polluted, dark moths
increased in frequency - natural selection
seemed to be changing allele frequencies in
the population. This was selection in favour
of the ‘dark’” allele.

In 1952, strict pollution controls went into

effect so that the lichens returned and the Figure 2.35 The number of dark-coloured moths of
the species Biston betularia increased as a result of

tree trunks became free of soot, for the most air pollution Killing the lichen on trees.

part. As may have been predicted, selection
started to operate in the reverse direction. In
areas where levels of pollution declined, the frequency of dark moths also declined.

Other examples of directional selection include the evolution of pesticide-resistant insects
and antibiotic-resistant bacteria. In these cases, our use of pesticides or antibiotics has
selected for variants that are resistant to the chemicals.

76

To model the effects of natural selection on the allele frequency of a population.

Read the introduction and method carefully, and then write an appropriate hypothesis in an
If ... then ..." format.

e Set of cards or counters to represent the beetles (30 red, 30 yellow and 30 orange)
e Six-sided die

The following assumptions can be made about the beetle population.

e There are 30 beetles in the original population: 10 red, 10 yellow and 10 orange.
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e Each year the beetles mate once at random and each pair produces one offspring.

e The colour of the offspring is determined by these rules:
red x red = red
yellow x yellow = yellow
red x yellow = orange
orange x yellow = 50% orange, 50% yellow (Roll the die: odd = orange, even = yellow)
orange x red = 50% orange, 50% red (Roll the die: odd = orange, even = red)
orange x orange = 25% red (1), 50% orange (2 or 3), 25% yellow (4); other numbers roll
again.

o After the beetles have reproduced, a predator kills one-third of the total population
each year. The population, therefore, returns to 30 at the beginning of each breeding

season.
e There is no migration, immigration or death other than that caused by the predator.
Method

1 Take 10 red, 10 yellow and 10 orange beetle cards to represent the original population

of 30 beetles.

Use the remaining cards when you need ‘extra’ beetles.

To model random mating, shuffle the 30 cards well and deal them into 15 different pairs
(assume that there is a male and female in each pair).

4 Using the rules in the introduction, determine the colour of the offspring for each of
your 15 pairs.

5 Take a beetle card that represents each of your offspring from the spare pile and add
them to the population pile.

6 Your population should now have a total of 45 beetles. Fifteen beetles will be removed
from the population each year due to predation, simulated by the following method:

e Roll the die and remove a beetle corresponding to the colour indicated by the die:
1 =yellow, 3 or 5 =orange, 2, 4 or 6 = red.

e Repeat this for 15 times in total. If the population does not have any individuals
represented by the colour shown on the die, roll again.

7 After the beetles have mated and predated for one year, collect all the remaining
beetles and record in the results table the number of surviving individuals for each
colour. The total population should be back to 30.

8 In atable such as the one below, record the colour of beetles for each year over ten
simulated years of the beetles’ mating and predation.

Results

Colour of
beetle

Red

Orange

Yellow

Total 30 30 30 30 30 30 30 30 30 30

Discussion
1 Describe the changes seen in the beetle population during the 10-year ‘survey’.

2 |dentify why these changes occurred.

3 Suggest a reason why a predator might prey on a particular coloured beetle more often
than beetles of other colours.
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4 Does the chance of survival for an individual beetle change from year to year? Explain
your answer.

5 Does the chance of survival for the population as a whole change from year to year?
Explain your answer.

6 If the predation intensity changed to 4 red, 2 orange and 0 yellow, suggest the changes
in allele frequency in the population you could expect in your results over time.

7 If the predation intensity changed to 1 red, 1 orange and 1 yellow, suggest the changes
in allele frequency in the population you could expect in your results over time. Would
this type of predation show natural selection? Why or why not?

8 Evaluate this experiment as a model for natural selection. How valid is it? How reliable?
Suggest ways to improve the validity and/or reliability of your results.

Re-read the aim and your hypothesis. Write a statement that addresses the aim, and states
whether your hypothesis was supported or refuted, using your results as experimental
evidence.

1 Outline the factors that may cause variation among individuals of a population.

2 Explain why natural selection cannot increase or decrease the frequency of neutral
mutations in a population.

3 Both Darwin and Wallace stated that individuals do not evolve, populations do. Outline
how this is different from what Lamarck believed.

4 Suggest why mutations of somatic
(body) cells of an organ will have no
effect on evolution.

5 Ahorse and a donkey can be crossed
to produce a mule. Is the mule a new
species? Are horses and donkeys the
same species? Explain how this fits with
our concept of species.

6 Albino animals (Figure 2.36) are usually
healthy and normal in every respect
except pigmentation; however, they are
rarely found in the wild. Explain why
wild albino animals are rare.

7 Inyour own words, describe the
mechanism by which natural selection
can influence the frequency of alleles in
a population.

Figure 2.36 Albinism is a pigmentation mutation
that occurs in most animal species.

8 Contrast the concept of fitness” as used in mass media with what Darwin meant when
he referred to a ‘fit" organism and ‘survival of the fittest’.
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SPECIATION

When a variation is favoured by the
environmental conditions, it is referred to

as an adaptation. Variations within a species
provide ‘options’ for the species in the face of
changing environmental conditions. Although
individual organisms may be wiped out, some
members of the population will continue the
species gene pool.

Along the way, some entire species will
become extinct and new species will emerge.
Under normal conditions, genes in a given
population are exchanged via breeding, which
is known as gene flow. Even if some variation
occurs, it is limited by gene flow. Gene flow is
interrupted if the population becomes divided
into two groups so that the groups experience
some sort of isolating mechanism.

Temporal isolation occurs when individuals
of different populations reproduce at
different times. For example, cicadas mature
underground (Figure 2.37). One species
emerges and reproduces every 17 years. A
different species, which is almost the same in
terms of appearance, emerges every 13 years to
reproduce. At this rate, the two species would
release gametes at the same time only once
every 221 years!

Figure 2.37 Cicadas experience temporal isolation as
different species breed at different times.

Behavioural isolation prevents gene flow
between related species living in the same
territory through differences in behaviour.
Many animals have elaborate species-specific
courtship rituals that must occur before
individuals can mate. For example, female
birds use colour, song and displays to identify
potential mates (Figure 2.38), whereas female

fireflies identify the pattern of blinking lights
produced by the males.

Mechanical isolation occurs when there
is a physical incompatibility between the
body parts of potential mates or pollinators.
For example, the flowers of some plants vary
in size and shape, or they may have spiny
barriers, thus excluding certain pollinators
(Figure 2.39).

If there is no exchange of genes between
the two isolated groups, then they may begin
to look and behave differently from each other.
Given enough time for evolution to occur, the
two populations may become so different that
they are incapable of interbreeding should they
ever come together again: a new species has
been created (speciation). Speciation can occur

in a variety of ways.

Figure 2.38 Lyrebirds have specific courting rituals that are essential for mating.

This is a form of behavioural isolation.

Figure 2.39 Teasel flowers are physically incompatible with many other species.
This is a mechanical isolation.
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Allopatric speciation

Allopatric speciation occurs when one
species divides into two or more through

were, and still are, different from those on
the mainland. Thus, the finches evolved from
the ancestral mainland species by allopatric
speciation.

some form of geographic isolation like the Extreme events can also result in

development of a mountain range, widening geographical isolation (Figure 2.41). In

of a river or even continental drift. Each the summer of 1995, Hurricane Luis and

population begins to experience very different Hurricane Marilyn ripped through the

environmental selective pressures. In their northern Lesser Antilles in the Caribbean.

separate habitats, the groups go their own Fifteen green iguanas survived on a raft of

evolutionary ways, accumulating different uprooted trees for nearly a month, floating

gene mutations and being subjected to over 300 km before reaching the northern-

different selective pressures, which favour most island of Anguilla. These few individuals

different adaptations. were the first recorded of their species, Iguana

The finch species on the Galapagos Islands iguana, to reach the island. The iguanas have

(refer back to Figure 2.7 on page 62)

since established themselves as an independent

would have most likely evolved breeding colony on the island and, in time,

from a population of an natural selection may operate on this isolated

ancestral finch species that group until they become a new species through

was blown off mainland . .
allopatric speciation.

South America by a Allopatric speciation is thought to have
storm. The distance
between the islands and
the mainland is too
far for the little birds

to fly and so gene flow

occurred among rock wallabies in Australia
(Figure 2.40). Rock wallabies live in rocky
outcrops, which are often separated by long
distances, resulting in their geographic

isolation from each other. There are

between the mainland approximately 20 different genetically and

and the island species chromosomally different forms of rock

stopped. The conditions wallabies in Australia, of which 16 are

on the Galapagos Islands classified as different species.

Figure 2.40 Rock
wallabies in Australia

are separated by

long distances. This
geographical isolation is
believed to be responsible
for allopatric speciation.

Figure 2.41 After hurricanes destroyed their island home, a small number of green iguanas were
geographically isolated, leading to a new species through allopatric speciation.
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Sympatric speciation

In sympatric speciation, new species arise
within an existing species that share the same
geographical location. This form of speciation
is much more common in plants than in
animals. It may occur as a result of the failure
of chromosome separation during meiosis or
it may be the result of a cross between two
(plant) species. The resulting new species
cannot breed with the parent species, but, in
the case of plants, may be able to reproduce
asexually.

Sympatric speciation is most common in
animals when some individuals take advantage
of a different niche (small area within the
habitat with highly specific and limited
conditions) within the same environment.

A new niche may arise because of an
environmental change, such as a new food

source. Sympatric speciation is less common _
than allopatric speciation because gene flow is Figure 2.42 Sympatric speciation may explain the

not disrupted within the original population. diversity of Cichlid fish in some African lakes. Here,
the competition for resources is so great that the

isolation of populations without a physical barrier
sympatric speciation. It is likely that the may have occurred.

The Galapagos finches have also shown

ancestral finches were of a single species,

but due to the fierce competition for food on the newly established volcanic islands, the finches
became highly specialised foragers. Large, thick beaks are better at cracking the hard seeds of the
Tribulus plant, whereas long slender beaks are better at reaching the nectar in cactus flowers, and
small beaks are better at dealing with little seeds. The natural variation within the population of
beak shape and size meant that different individuals were better equipped to eat certain foods.
Slowly, over time, the different feeding groups became different species, occupying different
niches within the same habitat.

Figure 2.43 Sympatric speciation explains the diversity of beak shapes between the finches of the Galapagos
Islands. (a) Large beaks enable some birds to crack the hard and spiky Tribulus seeds; [b) long slender beaks
allow other species to drink the nectar of cactus flowers.
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Challenge

Design an experiment that models allopatric speciation. This experiment is to be
hypothetical only, but ethical considerations should still be outlined.

Questioning and predicting

Formulate a testable hypothesis.
Planning

e What species would you use to demonstrate allopatric speciation? You will need to
consider life span, length of breeding cycles and the average number of offspring that
survive to breeding age.

¢ What aspects of the environmental conditions do you think would drive natural selection
if they changed?

e How would you separate your populations to prevent gene flow?

e Would you perform this experiment in a laboratory or in the field?

e |dentify your dependent and independent variables, and all other variables that should
be controlled.

e Write out a logical procedure, identifying any specific equipment you may require.

e Assess the risks and ethical issues that may be associated with your method.

Processing and analysing

¢ How would you collect and collate your data?
e What data would support your hypothesis? What data would disprove it?
e How would you determine if your data is valid and reliable?

Communicating

Present your model to the class, accompanied by a formal written report to support your
methodology.

1 List four different ways in which populations of a species may become isolated.

2 Compare and contrast the two main processes of speciation.

3 Explain, in your own words, what an isolating mechanism is.

4 Describe, using a real-life example, how physical isolation could create a new species.
5 Explain how gene flow influences the process of speciation.

6 Compare the mechanisms of sympatric speciation in plants and animals.

7 Why is speciation most likely to be a result of geographical isolation?
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EVOLUTION OF A SPECIES

Remember and understand

1

Outline the four essential requirements
for evolution by natural selection.

[4 marks]

Name the two main processes of
speciation. [2 marks]

Define the term ‘gene pool’ in your own
words. [1 marks]

Isolation usually refers to physically
being away from others. Is this the case
for all forms of isolation that apply to
speciation? Explain your answer.

[2 marks]

Apply

5 Explain why it is incorrect to say an

organism has evolved but correct to

say that a population of organisms has
evolved. [2 marks]

Callistemon (bottlebrushes) are unusual
because their stems (branches) do not
terminate in flowers. Instead, the stem
keeps growing out past the old flower.
Consequently, a mature plant may
contain the ripe seed of numerous years

in its branches. Deduce how this adaptive
feature enables Callistemon to exploit the

current Australian environment.
[2 marks]

Analyse and evaluate

7 Reword Darwin’s observations of and

inferences about variation in terms of
genetic mutations and alleles. [2 marks]

Compare the terms “allopatric speciation’

and ‘gene flow'. [3 marks]

9 The tortoises of the Galapagos Islands
have either a domed shell and a short .
neck on islands with significant rainfall, or
a shell with the front flared up and a long CHECKPOINT
neck on islands that are more arid. The

tortoises both feed on prickly pear cactus
and other vegetation. On islands with no
tortoises, the prickly pear plant is low
and spreading, but on islands with long-
necked tortoises, the prickly pear plant is
tall and has harder spines protecting it.

a Propose why the tortoises might have
two very different phenotypes.
[2 marks]

b Discuss whether the tortoises that
originally reached the islands are
likely to resemble any of the tortoises
that live there today. [2 marks]

¢ Using the terms 'variation” and
‘survival of the fittest’, explain why
the prickly pear plant on islands with
long-necked tortoises is so different
from those plants growing elsewhere.
[2 marks]

d Identify the type of speciation
occurring on these islands. [1 marks]

Figure 2.44 This tortoise has a flared shell so it can
reach up high and tear off cactus pads.

Critical and creative thinking

10 Describe two different scenarios in
which a population of a species becomes
(naturally) reproductively isolated from
other populations. [5 marks]

11 Explain the ways in which the terms
‘diversity” and “evolution” are linked.
Consider whether one can exist without
the other. [5 marks] [ /35]

TOTAL MARKS
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Figure 2.45 Nicholas
Steno studied fossils in
the late 1600s.

Figure 2.46 William Smith
proposed that rock layers
with the same type of
fossils were laid down at
the same time.

EVIDENCE FOR EVOLUTION

A scientific theory is an explanation of some aspect of the natural world, based on
facts that have been confirmed repeatedly through observation and experiment.
Evidence is needed to support a theory and, initially, this evidence may be
unconfirmed or limited. There is no set number of pieces of evidence that ‘prove’
a theory, but evidence that disagrees with a theory can cause scientists to reject
or modify that theory. Scientists seek out evidence from a range of sources, which
must be critically examined. So, what evidence do we have to support the theory

of evolution by natural selection?

RELIABLE EVIDENCE

Support for any theory requires valid and
reliable evidence from a range of sources.
Evolution is no different. Research continues

to discover more detail about the mechanisms
and the relationships between selective pressure
and the nature of adaptation, but the data
gathered from this kind of research consistently
supports the overall theory.

Early evidence

Early evidence for the theory of evolution
came from the study of fossils. Fossils are

the remains or traces of organisms from a
past geological age embedded in rocks or
other substances by natural processes. In the
late 1600s, Danish anatomist and geologist
Nicholas Steno realised that fossils were not
just interesting things to collect and catalogue,

but the remains of past life. He observed the
landscape around him and came up with the
law of superposition - that older layers of

rock are deeper and younger layers lie on top
of them. He argued that these layers form
slowly and that each set of fossils is a snapshot
of life at that time. Evidence of large-scale
extinctions reinforced that life forms change
with changing environmental pressures, even if
that simply means that many die and only few
survive.

In the 1790s, British naturalist William
Smith studied mines and proposed that rock
layers with the same type of fossils must have
been laid down at the same time. This allowed
scientists to estimate the age of a rock layer
relative to others. Geologists realised that
the Earth must be millions of years old, but
an accurate estimate was not made until the
1900s, after the discovery of radioactive decay
and the development of radiometric dating.
The fact that the Earth is more than 4 billion
years old provided more evidence for evolution,
as it allowed time for significant changes to
occur.

Another step forward in support of
evolutionary theory came from the extensive
records that were created, and continually added
to, as curious observers travelled the globe and
documented the different species they saw.
Anatomists studied the wealth of new organisms
and noticed underlying similarities in many
groups, sometimes finding similarities to fossils.
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Human influence on
evolution

Humans play a role in evolution, both

intentionally and unintentionally. New species

of domestic animals and plants are created

by artificial selection. These species make it
possible to feed and clothe the rapidly growing
human population. However, our use of
pesticides and antibiotics has had unintended
consequences.

The pesticide DDT (dichlorodiphenyl-
trichloroethane) was introduced in the 1940s
to kill insects that spread human disease, such
as mosquitoes, which transmit malaria. This
was a great success, reducing malaria cases in
Sri Lanka from 3 million per year before the
program to just 18 in 1963. Five or six years
after the start of spraying for both mosquito
control and agricultural use, insects resistant
to DDT began to increase in numbers as
resistant insects survived and bred. DDT is
now virtually useless for mosquito control in
Sri Lanka and many other countries.

The evolution of antibiotic-resistant
bacteria has been even faster due to the short
generation times of bacteria. Penicillin was
first introduced in the 1940s, and resistant
bacteria appeared in that same decade.
Widespread use of penicillin in the 1950s and
1960s, to treat diseases caused by bacterial
infections and to promote growth in livestock,
accelerated the evolution of resistant bacteria.
Hospitals are home to many strains of
multidrug-resistant bacteria, commonly called
‘superbugs’. Use of antibiotics is now strictly
regulated in an attempt to control the
problem and preserve the effectiveness of
existing antibiotics.

Many people get ‘flu’ vaccinations each
year to reduce the likelihood of catching the
influenza disease. However, the need to have a
new vaccination each year is another indication
of evolution. The high rate of mutation in
the influenza virus results in the evolution of
dozens of new strains each year.

QUESTIONS 2.3.1: RELIABLE EVIDENCE

Remember

1 Identify what is required for a group of ideas to be considered a scientific theory.

2 Why is the theory of evolution so widely accepted?

3 Explain how the age of the Earth provides support for the theory of evolution.

4 List both helpful and harmful examples of humans influencing evolution.

Apply

5 Suggest how observations of living organisms might contribute to the evidence for

evolution.
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Figure 2.47 (a) Modern
domestic cattle were
bred from (b) a bison-like
species called aurochs,
which is now extinct.

Figure 2.48 Resistance to
penicillin of two strains of
Staphylococcus bacteria.
(a) The normal strain
cannot grow near the
penicillin pellet.

(b) The resistant strain

is relatively unaffected.



ANALYSING FOSSILS

Fossils include the remains of dead organisms,
parts of a dead organism or even the evidence
that an organism existed. Fossils are extremely
important for understanding the evolutionary
history of life on the Earth because they
provide direct evidence of evolution and
detailed information on the ancestry of
organisms. Palaeontologists study fossil
records and determine their relationships with
different geological time periods.
Fossilisation requires the organism, or its
traces, to be buried quickly so that weathering
and total decomposition do not occur. Skeletal
structures, as well as other hard parts of the
organisms that resist weathering and are
slower to decompose, are the most commonly
occurring form of fossilised remains. Trace
fossils are moulds, casts or imprints of the
activity of previous organisms. An example of
a trace fossil is a dinosaur footprint preserved

in rock.

Figure 2.49 Formation of a fossil. (a and b) If an
organism dies near water, it has a greater chance of
being covered by sediment. The sediment protects
the body from predators and weathering. (c) Over
millions of years, more sediment is deposited. The
soft parts of the organism often rot away, while

hard parts are replaced by minerals. The sediment
layers eventually form rock. (d) Years of geological
movement, weathering and erosion may eventually Figure 2.50 Fossilised megafauna (giant animal)
expose the fossil. footprints.

ACTIVITY 2.3.1: EXAMINING BONES

Examine a selection of real bones or cast bones carefully. Use your understanding of

the skeletal and muscular systems to identify features of the bones that could indicate
characteristics such as muscle attachment, animal size, the entry and exit of blood vessels
and nerves or the function of that bone. How might the bones of modern animals be used
to help interpret fossils?
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DEEPER
UNDERSTANDING

Lightning Ridge fossil site

Lightning Ridge fossils are among the most precious and beautiful fossils in the world.
Approximately 110 million years ago, Australia was part of Gondwana and the area around
Lightning Ridge (northern New South Wales) was a river delta. Animal and plant fossils
found at the site include microbes, pine cones, snails, dinosaurs, plesiosaurs, pterosaurs,
lungfish and monotremes. Some of these fossils retain internal details, whereas others are
an opalised cast of the original material. The most beautiful fossils are preserved in the black
opal for which Lightning Ridge is famous.

As well as being beautiful, the fossils of Lightning Ridge have given scientists a valuable
snapshot of Australia’s flora and fauna at the end of the Cretaceous period, and include some
of the oldest mammal fossils found in Australia.

Figure 2.51 Opalised jawbone of Steropodon, a toothed platypus-like monotreme.

From a selection of fossils, examine each fossil individually and make careful observations
of the structures you can see.

1 What do you definitely know about the organism preserved in the fossil?

2 What can be inferred from the structures you have observed in the fossil? Consider
lifestyle, diet, reproductive behaviours etc.

3 What further evidence would you require to support your inferences?

Dating fossils

It is possible to find out how a particular group of
organisms evolved by arranging its fossil record

in a chronological sequence. Relative dating can Figure 2.52 Relative

dating uses the sequence
of rock layers to
determine which fossils
are relatively older or
younger. Older layers are
towards the bottom, so
older fossils are found in
these layers.

provide approximate dates for most fossils because
fossils are found mainly in sedimentary rock. As
you learned in year 8, layers of silt or mud on top
of each other form sedimentary rock. The resulting
rock contains a series of horizontal layers, or strata.
Each layer contains fossils that are typical for a
specific time period during which they were made.
The lowest strata contain the oldest rock and the
earliest fossils, whereas the highest strata contain
the youngest rock and more recent fossils.
Geological time is divided into eras and periods
on the basis of different sets of fossils. Major changes
(extinction events) mark the larger divisions.
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Quaternary
(1.8 mya-present)

Tertiary
(65-1.8 mya)

Cretaceous
(146-65 mya)

Jurassic
(200-146 mya)

Permian
(299-251 mya)

Carboniferous
(359-299 mya)

Palaeozoic

Precambrian
(4570-542 mya)

Figure 2.53 Each period within the geological time scale is characterised by fossils of particular plants and animals.
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Advances in our understanding of matter
have led to technologies that can provide more
accurate timeframes for fossils. Absolute
dating (also known as radiometric dating)
relies on the level of radioactivity detected in
rocks containing radioisotopes. The best rocks
for radiometric dating are volcanic rocks that
contain uranium isotopes, but these rocks do
not contain fossils. To obtain a more accurate
idea of the age of a fossil, scientists examine
volcanic rock layers above or below the fossil.
These provide a range of dates for that rock
stratum. Scientists can calculate an absolute
date range for a set of fossils by combining
data from several sites. In rare cases, a layer of
volcanic ash in sedimentary rocks will provide
an absolute date.

Transitional fossils

It is thought that life originated in the sea,
crawled onto land and then took to the

skies. But what evidence links these stages?
Transitional fossils show the intermediate
states between the ‘before’ and ‘after’ stages.
They are sometimes referred to as ‘missing
links’, but knowledge of geology and evolution
allows palaeontologists to predict the location

of transitional fossils and find them.
When Darwin first published his theory
of evolution, he stressed that the lack of

transitional fossils was the most formidable
obstacle to his theory because, at that

time, very little was known about the fossil
record. Since then, numerous examples

have been found, starting with the discovery
of Archaeopteryx in the Solnhofen area of
Germany just 2 years after Darwin’s work was
published.

Archaeopteryx is considered by some
scientists to be the earliest and most primitive
bird known, displaying a number of features
common to both birds and reptiles. Other
scientists think that Archaeopteryx should be
considered a feathered dinosaur. All agree that
it is an important transitional species.

Living fossils

According to fossil records, some modern
species of plants and animals are almost
identical to species that lived in ancient
geological ages. Living fossils are existing
species of ancient lineages that have remained
unchanged in structure and form for a very
long time.

Examples of living fossils include the
coelacanth fish (Figure 2.55), horseshoe crabs,
the Ginkgo trees and Metasequoia conifers
of China, and the Wollemi pine, which was
discovered in New South Wales in 1994.
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Figure 2.54 Archaeopteryx
fossils are called
transitional fossils as they
help explain the previously
unknown link between
dinosaurs (reptiles) and
modern birds.

Figure 2.55 Unique in
the animal kingdom,

the coelacanth fish is

a 400 million-year-old
species! The coelacanth
pre-dates dinosaurs by
millions of years and was
thought to have become
extinct with them. In
1938, coelacanths were
discovered living in caves
off the continental shelf.
This environment has
changed little over the
past 400 million years
and, as a result, neither
has the coelacanth.



ACTIVITY 2.3.3: BUILDING ANIMALS

The challenge of this activity is to reconstruct an animal's skeleton from a pile of bones to
simulate the processes undertaken by palaeontologists.

What you need: whole roast chicken, water, dishwashing liquid, saucepan, colander,
stove, toothbrush, newspaper, diagram of a chicken skeleton, camera (optional

Remove as much flesh from the bones of the roast chicken as possible.

Boil the bones in a saucepan of water for 20-30 minutes.

Strain the water from the bones using the colander.

Gently remove the rubbery pieces of cartilage from the bones.

Scrub the bones with a toothbrush and a small amount of dishwashing liquid.

Rinse the bones and leave them to dry overnight on newspaper.

N o 0o N WO -

Use a diagram of a chicken skeleton to help you reconstruct the chicken. Your finished
skeleton will be laid out on a piece of newspaper rather than as a three-dimensional
model. Hint: It may be helpful to group bones into long bones, flat bones etc.

8 Include images showing your method and finished skeleton.

Analyse how this process may be similar to
the work of a palaeontologist.
e What sorts of bones may
palaeontologists be dealing with?
e Would they be reconstructing entire
skeletons?

¢ Would they attempt to reconstruct
the layers of flesh that cover the
skeleton?

¢ What indicators on the bones may
they be looking for?

e Write a brief statement about
the work of palaeontologists to

Figure 2.56 How does a palaeontologist
reconstruct skeletons. reconstruct an entire animal from its bones?

Figure 2.57 Palaeontologists study fossils to learn
about extinct species.
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QUESTIONS 2.3.2: ANALYSING FOSSILS

Remember
1 List the parts of organisms most likely to be found in fossils. Explain why this is the case.
2 Describe a transitional fossil.

3 Provide an example of a plant and an animal that are considered living fossils.

Apply

4 QOutline the method of relative dating. In your answer, explain why relative dating is
often used before absolute dating and why both methods are required to narrow down a
fossil's age.

5 Explain how knowledge of both geology and evolution helps palaeontologists to discover
transitional fossils.

Analyse

6 Living fossils have remained relatively unchanged, often for millions of years, while around
them other species have adapted or become extinct. Explain how this has been possible.

7 Palaeontologists must try to reconstruct extinct life based on a few fossils that only
show part of the organism. Suggest what clues they would look for and what parts of
the organism would be most useful.

Create

8 Palaeontologists can match the shape of dinosaur feet with their tracks if they have
relatively complete fossils, as shown in Figure 2.58. These trace fossils give insight into
the behaviour of dinosaurs, such as whether they travelled in large herds or not. Write
a brief scene you imagine from the time of the dinosaurs and illustrate your story with
an appropriate trace fossil. See if your classmates can decipher the fossilised footprints
without the story.

Small
theropod

Large
theropod

Ankylosaur

Sauropod

D e e
e

Figure 2.58 Some examples of footprint trace fossils.
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appendix

Figure 2.59 The appendix
in humans appears to be
getting smaller through
the generations and has
not been useful to human
digestion for a long time.

Figure 2.60 The ‘spurs’
on some snakes are an
example of vestigial rear
legs.

Figure 2.61 The forelimbs
of different mammals
show the same basic
structure, with five digits
that are adapted to
different uses.

Your family shares similar traits. There are
more similarities shared between members
of the immediate family than with extended
family. The same applies to all living
organisms. Such observations of the living are
considered important evidence for evolution.
Evolutionary theory is supported by the
analysis of similarities between organisms -
both living and dead. These similarities can
be in body parts, cell structure, biochemistry,
embryo development or even vestigial
structures (structures that once performed
a function in an ancestor but are now
functionless). The evidence studied to date
suggests that the greater the level of similarity,
the more closely related two organisms are.

Comparative anatomy

Comparative anatomy is a method of studying
evolutionary relationships between different
species, and involves comparing the
similarities and differences in anatomy
(physical body structures). Structures
that are found across different species
and have a similar pattern but different
function are known as homologous
structures. The basic pattern comes from
common ancestry, whereas differences come
from adaptations to specific environmental

Bat (flying)

ANALYSING THE LIVING

conditions in a form of evolution called
adaptive radiation or divergent evolution.

The most commonly discussed homologous
structure is the pentadactyl limb - the pattern
of limb bones in all groups of tetrapods (four-
legged vertebrates) that ends in five digits
(Figure 2.61). This structure can be traced
back to the fins of certain fossil fishes from
which the first amphibians are thought to have
evolved. In all tetrapods, the fundamental
structures of the pentadactyl limbs are the
same, indicating that they originated from
a common ancestor. During the course of
evolution, these structures have been modified
to serve different functions as a result of
adaptations to different environments and
modes of life.

Structures in organisms that perform the
same function but are structurally different
are described as analogous structures. An
example of this is the wing of a butterfly and
the wing of a bird (Figure 2.62). They have
a similar shape because they are both used
to fly, but the fundamental structure is very
different. This absence of similarity in structure
suggests there is no common ancestor in the
recent past. However, the similarity in function
suggests that both species have evolved under
similar environmental pressures and arrived at
similar adaptations.

Monkey (grasping)

Forelimb |
7 upper arm - —— humerus
3 b forearm  — radius + ulna 1 45
. 23" pig (walking)
wrist — carpal
LR RN
hand/foot —— metacarpals Sy
+phalanges 1 41N\ 5
234 b v
Digits 4
19685

Anteater (tearing) 2

Horse (running)

3
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Figure 2.62 The wings of (a) a bird and (b) a butterfly are analogous structures: they perform the same function
but have significantly different structures. This is an example of convergent evolution.

When organisms become more similar with time due to similar environmental pressures, this

is referred to as convergent evolution. Early naturalists exploring Australia noticed convergent

evolution of Australian marsupial mammals and placental mammals on other continents.

Analysing embryos

Scientists have noticed that, although adult
vertebrates have clear differences, many
embryos demonstrate huge similarities during
the early stages of development. For example,
a chicken and a human are very different
when fully formed, but chicken embryos are
very similar to human embryos. Even reptile
embryos are similar to human embryos.
Embryos may also show many interesting
features that are not seen in the fully developed
animal. As the embryo develops, it goes
through a variety of stages. Many of these
stages show homologous structures with
different species.

If the various life forms developed
independently, it would be logical that their
embryonic development would be distinct
and reflect what the organism would look
like when it was fully developed. Why should
a bird’s three-digit wing develop from a five-
digit limb? This makes no sense if organisms
developed independently. The embryological
similarities are explained by inferring that
these organisms all had a common ancestry.
Birds develop their three-digit limbs as
embryos from five-digit limbs because they
evolved from ancestors with five-digit limbs.

Figure 2.63 (a) The Australian marsupial mole and
(b) the African placental golden mole live in very

similar environments and are extremely similar in
appearance, clearly showing convergent evolution.
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Fish

Salamander

Tortoise

Chicken Pig Rabbit human

Figure 2.64 Stages in the embryonic development of a range of vertebrates.
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Shrew
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—
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Mouse lemur

Colobus mankey
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Figure 2.65 Research comparing genomes has helped define relationships among
vertebrate species. The lengths of the branches on this phylogenetic tree, which are
based on DNA sequence comparisons, show how closely each animal is related.

The more similar the early stages of
embryonic development, the more closely
related the species are or the more recently
divergent evolution has caused the species to
separate.

Comparing molecules

Advances in the understanding of the
biochemical processes of life have provided a
wealth of evidence in support of evolution.
Biochemical homologies (similarities) provide
some of the strongest evidence for evolution
because of the detailed level of information
they give. Most biochemical evidence

for evolution comes from comparative
examination of genes or proteins.

Comparing DNA

The best evidence in support of evolutionary
theory comes from a study of the base
sequences of genes (see chapter 1, page 7).
Comparing DNA sequences examines the
relationship between different species,
where the more similarities indicate a closer
relationship. Darwin’s original hypothesis of
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common descent (all life evolved from a single
life form) is reinforced by this evidence.

If the hypothesis of common descent
is true, then species that share a common
ancestor will have inherited that ancestor’s
DNA sequence. In addition, they will
have inherited mutations unique to that
ancestor. These specifics can be used to
produce timelines that indicate roughly
when speciation would have taken place and
therefore can be used to create a ‘family tree’
similar to Darwin’s tree of life.

The most detailed DNA sequence
reconstructions have been performed using the
genomes of mitochondria, which are shared by
all eukaryotic organisms and are shorter and
easier to sequence than nucleic DNA.

Early DNA sequencing work on the genome
of humans and great apes has shown that
humans share an ancestor with gorillas and
chimpanzees (Figure 2.67). The chimpanzee
is our closest living relative, with a 98%
similar genome. DNA sequencing of the
B-haemoglobin gene has also confirmed this
common ancestry.

Figure 2.67 Gene sequencing has shown that
humans, gorillas and chimpanzees all evolved from a
common ancestor.

Peter and Rosemary Grant, with the help of
numerous research fellows, ran a 35-year-
long study on the finch species of Daphne
Major, a very small island in the Galapagos
Islands. With DNA samples, accurate

body feature measurements and detailed
observations of just about every finch on the
island, the award-winning Grants documented
significant evolutionary changes in the
different species in as little time as 2 years,
when the selection pressures were right.
Some of their major conclusions included that
evolution is constantly happening, evolution is
in direct response to changes in environmental
conditions, and evolution is not necessarily
something that takes millions of years.

Galapagos Islands finch DNA study

Chimpanzees

Gorillas

9 million
years ago

Figure 2.68 Peter and Rosemary Grant spent up

to 6 months of every year for 40 years on Daphne
Major collecting data and evidence that supports the
ongoing evolution of the Galapagos finches.

Figure 2.66 Very distant
relatives!

7 million
years ago
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Figure 2.69 There are
many different sequences
of amino acids that

could make a functional
haemoglobin molecule.
Why might these
variations in haemoglobin
exist?

Comparing amino acids in
proteins

Proteins are coded for by genes and are made
up of a string of amino acids (see chapter 1).
Proteins range in size from approximately 50 to
thousands of amino acids. The characteristics
of a protein are determined by the sequence of
amino acids from which it is constructed.

All livings things use the same 20
amino acids to make proteins, even though
approximately 250 amino acids occur
naturally. If life evolved from a common
ancestor with only these 20 amino acids, we
may expect that these same 20 amino acids are
always used.

Protein sequences also show remarkable
similarities. A number of different genetic
codons can code for the same amino acid, and
small changes in some of the amino acids that
make up a protein may have little effect on the

Evolutionary relationships

Cytochrome c is a protein commonly used to
identify evolutionary relationships because
of its involvement in cellular respiration

- a metabolic process common to most
organisms.

Table 2.1 shows the number of amino
acid differences in a homologous (common)
sequence of cytochrome c from several
species. The homologous sequence contains
a total of 104 amino acids.

From the information in Table 2.1,
relationships can be identified between the
species because pairs of species with fewer
differences are more closely related.

Table 2.1 Number of amino acid differences in cytochrome c between species.

Penguin 14
Rabbit 9
Monkey 1
Duck "
Tuna 21

926

8

13 8

3 6 10

18 17 21 19

functioning of the protein. So, we can have
a set of proteins that do essentially the same
thing but are not identical.

Haemoglobin is an example of variation
in amino acid sequences. Several types of
haemoglobin molecules are found among
different vertebrates and invertebrates. These
haemoglobin molecules are all very similar in
structure and all serve the function of binding
oxygen in the blood, yet they differ in their
amino acid sequences.

Insulin is another example. All mammals
produce insulin, which helps cells to absorb
sugar, but there are slightly different versions
among different species. People with insulin-
dependent diabetes used to use insulin from
animals such as pigs and cows. This substitute
insulin worked in the human body, but not as
well as human insulin. Since the 1980s, human
insulin is produced by genetically engineered
bacteria, leading to fewer side effects.

For example, there are 14 differences
between humans and penguins compared with
only eight differences between penguins and
rabbits; so, penguins and rabbits are more
closely related than humans and penguins.

Your turn

1 Which are more closely related: penguins
and ducks, or rabbits and monkeys?

2 The relationship between species is
considered to be an indication of how
recently they shared a common ancestor.
A tree diagram is often used to represent
evolutionary relationships. Determine
which species from Table 2.1 fit the labels
in Figure 2.70.

Human a b ¢ d e

Common ancestor

Figure 2.70 Use the data in Table 2.1 to complete this
evolutionary tree diagram.
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When Darwin wrote On the Origin of Species, he described evidence available at the time. In
the past 150+ years there have been huge advances in our knowledge of the fossil history of
life and the biology of organisms.

Divide the class into groups for each line of evidence for evolution (such as the fossil
record, and by comparative anatomy, embryology and molecular biology) and debate which
evidence is most important. Has all of the evidence been well described or do some areas
have the potential for new insights? As a class, decide which evidence is most compelling
and which areas offer the greatest possibilities for further discoveries.
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1 Define the term ‘homologous structure’ in your own words.

2 Define the term ‘vestigial structure’.

3 Name the two molecules that are of most interest to biologists studying evolution.

4 Explain how the 20 amino acids used in protein synthesis provide evidence for evolution.
5 Identify an example of a homologous structure not already mentioned in this chapter.

6 Explain in your own words how DNA sequencing supports the concept of evolution from
a common ancestor.

7 Describe the relationships between convergent evolution, divergent evolution,
homologous structures, analogous structures and environmental pressures. You may
like to use a graphic organiser.
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Remember and understand

|
CHECKPOINT

1 Identify the type of scientist that studies
the fossil record and geological time
periods. [1 mark!

2 Archaeopteryx had features of both birds
and dinosaurs. Recall the term for fossils
that show features of two different groups
and explain how this provides evidence
for evolution. [2 marks]

4 The layering of sedimentary rocks is
useful in relative dating. Outline the basic
principle of relative dating and describe
how layers at different sites may be
matched. [3 marks]

5 Explain how fossils provide evidence for
evolution. [2 marks]

Apply

6 Distinguish between the terms
‘transitional fossil and ‘living fossil’.
[2 marks]

7 Suggest why a vestigial structure may not
disappear altogether. [2 marks]

8 ‘Superbugs’ are more common in
hospitals than in other parts of the
community. Propose reasons for this and
explain how ‘superbugs’ provide evidence
for evolution. [3 marks]

Analyse and evaluate

9 Discuss methods you could use to
investigate the hypothesis that birds are
more closely related to reptiles than to
mammals. [4 marks]

TOTAL MARKS
[ /40]

EVIDENCE FOR EVOLUTION

10 Discuss the role of DNA sequences
in providing evidence for evolution.
[2 marks]

11 Which evidence for evolution do you find
most convincing? Justify your choice.
[2 marks]

12 For many years it was thought that
the human appendix did not have a
purpose. Recent studies suggest it may
serve an immune function. Explain how
scientists might ascertain whether this
immune function is a new purpose for
the appendix or simply a long-existing
function that had not been identified.
[3 marks]

Ethical understanding

13 Through selective breeding, humans
can bring about speciation in animals
and plants. Provide two positive and two
negative examples of selective breeding.
Explain your choices. [5 marks]

Critical and creative thinking

14 Analyse the extent to which the theory of
evolution is testable. [4 marks]

15 Present the strengths and weaknesses
of the various forms of evidence to
support evolutionary theory in a clear and
attractive format. [5 marks]
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1

Fill in the gaps using the words in the Word Bank below:

Explanations for the diversity of living things have led to ideas about . Lamarck
proposed the theory of inheritance of characteristics. Darwin and Wallace proposed
the mechanism of selection. In Darwin’s book On the Origin of by Means of
Natural Selection, Darwin proposed that individuals struggled for limited resources and only
the survived. This leads to changes in the

The variation in organisms comes from in the DNA, which creates different versions
of genes. If these lead to a favourable characteristic, we call it an . Populations may
evolve different favourable characteristics in different environments, leading to

speciation. In speciation, a new species evolves in the same environment.

Evidence for evolution comes from many sources. The Grants collected long-term data on
finch evolution in the Islands. study fossils to trace their evolutionary
history. Studies of the anatomy, and biochemistry of living organisms provide yet

more evidence for evolution.

acquired evolution

adaptation fittest
allopatric Galapagos

mutations

WORD BANK

embryology

CHAPTER
REVIEW

natural sympatric
palaeontologists

population

species

Describe scientific evidence of the
evolution of present-day organisms
2 Describe an example of evolution that has

occurred due to human activity. [2 marks]

3 Describe evidence of evolution that
explains the distribution of organisms in
the world today. [2 marks]

during travel in the development of

the theory of natural selection. Do you
think that Darwin or Wallace would have
proposed this theory if they had not made
observations of animals and plants in a
variety of places? [3 marks]

Outline how genetics and

Explain how natural selection can
change populations

Explain the differences between
convergent and divergent evolution using
specific examples. [4 marks]

environmental factors influence the
survival of individuals and species

9 Create a table to compare the two types
of speciation. [4 marks]

10 Cheetahs have very little genetic diversity

5 Outline Darwin’s theory of natural
selection. [2 marks]

6 Compare Darwin and Lamarck’s
explanations for evolution. [3 marks]

7 The work of Thomas Malthus provided
Darwin with a key insight into the
mechanism of evolution. Describe the
main argument of Malthus and how this
relates to natural selection. [2 marks]

8 Both Darwin and Wallace independently
proposed the concept of evolution by
natural selection. Analyse the importance
of the personal observations made

1"

and, consequently, little variation in the
species. Lions have several genetically
and physically distinct populations,
demonstrating much greater variation.
Explain why cheetahs are more at risk of
extinction than lions. [2 marks]

Linnaeus described his biological
classification system based on
similarities between organisms in 1735,
long before the theory of evolution

was developed. He divided organisms
into distinct groups such as fish, birds,
dinosaurs and mammals, based on
their structural similarities. Propose
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CHAPTER two reasons why Linnaean classification 16

REVIEW may need to be replaced, using your
knowledge of evolution. [2 marks]

12 Geographic isolation is a well-understood
and obvious cause of speciation. Analyse
the mechanisms of sympatric speciation
and explain how it might result in
geographic isolation after a long period of
time. [2 marks]

Relate the fossil record to evidence of
the age of the Earth and evolution 17

13 List the types of evidence for evolution
that may be gained from living organisms
and those that may be gained from fossil
evidence. Explain how the two types
of evidence complement each other.

[3 marks]

14 Like all good scientific theories, evolution
can be used to make testable predictions.
Research the discovery of the transition
fossil Tiktaalik. Outline the evidence
scientists used when deciding where to
look for this fossil. What predictions did
they make? What did they find? Explain
how the story of Tiktaalik's discovery
demonstrates the scientific method in
action. [4 marks]

15 In the movie Jurassic Park, dinosaurs
were created using DNA from the
stomachs of mosquitoes, and gaps were
filled in using frog DNA. In reality, there is

TOTAL MARKS no DNA left in mosquitoes that have been

[ /501 trapped in amber for millions of years
and the frog would be a very bad choice
for ‘filler’ DNA. Propose a better method
of investigating the dinosaur genome

using living species. Justify your choice
based on at least two types of evidence
for evolution. [4 marks]
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The evolution of humans is well
documented in the fossil record. Unlike
other species, modern humans modify
their own environment and avoid most
agents of natural selection. Do you think
humans are continuing to evolve? Would
humans evolve if they colonised another
planet? Justify your predictions about
the future of humans and present your
findings as a poster, short story or comic
strip. [5 marks]

Australia and New Guinea are the only
places in the world where monotremes
(egg-laying mammals) are found. Both
landmasses sit on the same continental
plate and have been connected frequently
throughout geologic history. Monotreme
fossils are the oldest Australian mammal
fossils, dating back 123 million years ago
to the Mesozoic Period, better known as
the age of dinosaurs. A 61-million-year-
old monotreme fossil has also been found
in South America. Using this information,
propose the site where monotremes first
evolved and explain both the fossil and
current distributions of these animals.
Predict whether other continents might
have undiscovered monotreme fossils.

[6 marks]



Choose one of the following topics for a
research project. Your job is to investigate
how evidence for evolution is gathered,
analysed and used to predict how species and
ecosystems may change over time.

HJI4VIS3d

Modern-day evidence for evolution

There is evidence of current populations
evolving by natural selection all around us.
Research one of the following topics and see
whether you can find evidence of evolution by
natural selection occurring today. Prepare a
case study of your chosen topic.

e Can controlled breeding modify organisms?

¢ When fewer predators are present, how
does brighter coloration evolve?

e How does natural selection lead to
pesticide resistance?

Climate change and natural selection

How do you think climate change will affect
species on the Earth? Which species do you

1 What new science skills have you learned
in this chapter?

2 What was the most surprising thing you
found out about evolution?

1331434

3 What was the most difficult aspect of this
topic?

4 How has your understanding of how
scientific theories are developed
improved?

KEY WORDS

absolute dating
allopatric speciation

fossil
fossilisation

analogous structure gene flow

artificial selection gene pool
biogeography geographic isolation
common descent homologous
convergent evolution structure
divergent evolution isolating mechanism
evolution living fossil

extinction

natural selection

CHAPTER

think will be most affected? Why is this?

How might species avoid becoming extinct

as a result of changing habitats? Would all
species be able to avoid the effects of climate
change? Do you think new species may evolve
as a result of climate change? Outline the
effect of climate change on a named species.

REVIEW

Real-time evolution

Significant advances in our understanding of
evolution by natural selection have been vital
to the study of diseases and pests. Antibiotic
resistance in bacteria and the tolerance

to herbicides in crops and pesticides in
general agriculture are monitored closely.
Why are these examples important? Why do
they need close monitoring? Why do these
organisms demonstrate evolution at such a
fast rate? Describe an example of how our
understanding of natural selection in bacteria
and pests has changed the permitted use of
pesticides or antibiotics.

My world

5 Why is itimportant to understand
evolution and natural selection?

6 What is being done in the world to better
understand the process of evolution?

7 Which technologies have helped us
understand the process of evolution?

My future

8 What career paths could a study of
evolution lead to?

niche
palaeontologist
pentadactyl limb
plate tectonics
population

relative dating
scientific theory
sexual dimorphism
sexual selection
speciation

species

strata

survival of the fittest
sympatric speciation
trace fossil
transitional fossil
vestigial structure
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Figure 2.71 The skull of
the Taung child, a
distant ancestor that is
3-4 million years old.

Since the time of Carolus Linnaeus (1700s),
scientists had considered the great apes to

be the closest relatives of humans because

of their physical similarities. In the 19th
century, scientists speculated that the closest
living relatives of humans were chimpanzees
owing to their physical similarities and

their natural habitat range. Over time,
further evidence emerged that provided more
evidence of this close link. More recently,
biochemical comparisons have allowed
evolutionary biologists to estimate the times
at which the ape lineages split from each
other, providing a prediction of what rock
layers should be searched for transitional
fossils.

The incredible story of the evolution of
humans from our ape ancestors covers
approximately 7 million years. Life has existed
for approximately 4 billion years, so

7 million years is really a snapshot in time,
but how many years of your own family tree
can you trace back in time? Maybe a
couple of hundred if you are lucky.

Darwin’s On the Origin of
Species, published in 1859,
suggested that humans were
descended from African
apes. With no fossils of our
ancestors discovered until
1924, Darwin’s suggestion
was considered ridiculous and
insulting to the human race.
In 1924, Raymond Dart dug up
the Taung child in Africa, a 3-4-
million-year-old Australopithecine
and our distant ancestor (Figure 2.71).

Since Dart’s discovery nearly a century
ago, approximately 12-19 different species
of human ancestors have been identified,
although scientists are continually arguing and
modifying their stance on the relationships

between the fossil finds. As more fossils are
uncovered, and more analyses performed, it
is expected that the story of human evolution
will continue.

Many pieces of evidence have formed the
puzzle pieces that tell the story of human
evolution. Fossils are the most obvious, but
the level of detail they can provide requires
specialists to analyse the information.
Consequently, many palaeontologists will
specialise in the analysis of skulls or leg
bones. Other forms of evidence, such as
comparative biochemistry, require their own
specialists.
1 Define the term "hominid’".
2 Find a selection of images of

hominid skulls to analyse. (You may

be lucky enough to have access to

replicas.)

-

=’z
A

/

Figure 2.72 One of the most famous fossils is the
remarkably complete ‘Lucy’, dug up in Ethiopia in
1974. Although her scientific name is Australopithecus
afarensis, her discoverers named her "Lucy’ in honour
of the Beatles song they were listening to at the time
- Lucy in the Sky With Diamonds.
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3 Without looking at any of the data that
may accompany these images, make
careful observations of the various facial,
cranial and even brain-case features.
Measurements could be made of lengths,
diameters or even volumes. Use these
observations to suggest a timeline from
most recent (most like modern humans)
to most distant relative. Record your
reasoning, and then present it to the
class.

4 As agroup, discuss the:

a different features that each person
observed. What did most people
notice?

b similarities and differences between
the skulls.

5 Conduct further research to find out
whether you placed the skulls in the
correct order.

6 What additional information would
palaeontologists have access to? What
additional information would they find
useful?

7 Present your information as an
informative multimedia presentation, or in
some other format as discussed with your
teacher. Remember to include a full
bibliography of your sources.

Figure 2.73 The astonishing "hobbit’ species, Homo
floresiensis, found on an Indonesian island in 2003.
Some scientists believe it is simply a dwarf form of
modern Homo sapiens, but further analysis will be

required to determine whether this is true.

103






CHANGING MATTER WITH 3 1
CHEMICAL REACTIONS :

A chemical change is defined by the formation of a new substance, but that new substance is
produced from the existing atoms available in the reactants. No atoms are destroyed

or created in a chemical reaction. Chemical formulas are used to explain the composition

of substances, whereas word and chemical equations demonstrate the changes in
arrangement of atoms during a chemical reaction.

Students:

» recall that matter is composed of atoms which have mass
» identify the names and chemical formulas of some common compounds
» construct word equations to describe chemical reactions

» deduce that atoms of reactant substances are rearranged during chemical reactions to
produce new substances

» balance chemical equations (additional content)

CLASSIFYING CHEMICAL REACTIONS 3.2

When one or more substances interact to produce one or more new substances, a chemical
reaction is said to have occurred. The types of reactants and products, or the mannerin
which the reactants interact, enable chemists to classify chemical reactions and predict the
outcome of similar reactions.

Students:

» classify compounds based on common chemical properties

» investigate the characteristics of the main types of chemical reactions
including combustion, reactions between acids and metals and carbonates, corrosion,
precipitation, neutralisation and decomposition

CHEMICAL REACTIONS IN LIFE 3.3

Chemical reactions are not just activities within scientific laboratories; they happen naturally
in both living and non-Lliving systems. Photosynthesis and respiration are spontaneous
chemical reactions that are key fuels for life on the Earth. But humans also use chemical
reactions to extract, refine and use other fuels for heat and electricity.

Students:

» identify the importance of the chemical reactions involved in
photosynthesis, respiration and digestion
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Figure 3.1 British
theoretical physicist
Peter Higgs predicted the
existence of an additional
subatomic particle in 1964
and called it the Higgs
boson. The Higgs boson
was finally discovered in
2012.

106

CHANGING MATTER WITH
CHEMICAL REACTIONS

For several thousand years, until the 17th century, alchemists tried to produce
valuable substances such as gold from less valuable materials, such as lead. The

word ‘alchemy’ comes from an Arabic word meaning ‘value’. Without knowledge

of what happens to atoms during a chemical reaction, early alchemists were

attempting the impossible. Modern chemists still use some of the language and

equipment of alchemy, but they can now consider what is really happening to the

‘invisible’ particles in chemical reactions.

CHEMICAL REACTIONS AND CHEMICAL

FORMULAS

All matter is made up of atoms. Some of

these atoms join together to form molecules

or three-dimensional lattice structures.
Sometimes different types of atoms or elements
join together to form compounds. Atoms join
together in different ways to produce all the
different substances on the planet.

Every atom is made up of protons and
neutrons in the nucleus, which are surrounded
by layers of orbiting electrons in electron shells.
The number and arrangement of the subatomic
particles determine the element and the
properties of that element.

We are still discovering new things about
the atom. In July 2012, the physics world was in
a state of excitement. A new type of subatomic
particle had been confirmed by CERN, the

European Organization for Nuclear Research.
The Standard Model, which describes the
particles, forces and interactions of the universe,

is supported by the existence of a subatomic
particle called the Higgs boson. Until July 2012,
that particle was predicted but undiscovered.
Discovery of the Higgs boson is proof of a force
that gives particles their mass. If particles had
no mass, they would travel through the universe
without attracting each other and so would
never form into bodies such as planets and stars.

CERN'’s observations are important for
areas other than physics. You will find out in
this chapter just how vital the idea of mass is to
chemical reactions.

Chemical reactions

Chemical change is defined as the production
of a new substance from existing substances.
All chemical reactions start with one or more
reactants (ingredients) and result in one or
more new products. The products are formed
from the atoms of the reactants. No atoms are
destroyed and no new atoms are created by the
reaction. It is simply a rearrangement of the
atoms that are already there.

Atoms can be thought of as being like
Lego®© blocks that can be clicked together and
taken apart, over and over, in many different
ways, to form different things.
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Imagine that you and your friends are approached by an alchemist claiming to be able
to change lead into gold. You know that the claims are an attempt to trick you, but your
friends are tempted to believe the alchemist, because they think they could become
incredibly wealthy.

Your task is to convince your friends that the alchemist is a fraud and that alchemy

simply doesn’t work. You have the following pieces of evidence.

Describing chemical reactions

Figure 3.3 shows sodium metal reacting with water. Perhaps you have seen this reaction
at school or on the Internet.

Elements always behave predictably in chemical reactions.
All elements have physical properties that appear to be consistent.

When chemicals react with each other, the total amount of mass of the chemicals does
not change.

Pure metals don’t change in terms of physical properties unless they're mixed with
other metals or form compounds.

Do you think any of these pieces of evidence would be useful in persuading your friends
to ignore the alchemists? If so, why?

Choose three of the points and
explain why you think you could use
them as evidence to support your
opinion that alchemy is more of a
trick than a scientific endeavour.

Figure 3.2 Alchemists did not have an
understanding of the structure of atoms or
the nature of chemical reactions and were
never successful in converting lead into gold.

There are different ways to describe this reaction.

Describing observed changes: The sodium metal dissolves in the water; heat
is produced; fizzing is caused by the production of hydrogen gas; if there is
enough heat, the hydrogen gas catches fire above the sodium metal.

Using a word equation: The reactants are sodium and water and they interact
to form the products, which are hydrogen gas and sodium hydroxide. A word
equation summarises the changes in words:

sodium + water - sodium hydroxide + hydrogen

Figure 3.3 Sodium metal

Using a chemical equation: The ratio in which they react, and the formulas and states (solid, reacts spectacularly with
water.

liquid or gas) of each substance are described by a balanced chemical equation:

2Na(S) + 2H,0(l) > 2NaOH(ag) + H,(g)

Each representation tells us something different about the changes occurring in the chemical

reaction.
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Table 3.1 represents four chemicals in different ways.

Table 3.1 Representations of four chemicals.

3

Methane CH,
Oxygen 0,
Argon Ar

Carbon dioxide Co, @

Identify:

a an element composed of molecules
b acompound composed of molecules
¢ an element composed of atoms.

Which representation tells us the most about the chemicals: the formula or the
diagram? Explain your reasoning or discuss your answer with others.

Which substance will burn in air and produce heat energy?

Did you remember these key facts about chemicals?

e Elements are made up of one type of atom.
e Compounds are combinations of different atoms.
e Molecules are atoms bonded together.

What you need: candle, matches, range of measuring devices such as a stopwatch,
thermometer etc.

1

A burning candle is an example of a common chemical reaction. Light a candle and spend
5 minutes listing as many observations about what happens as you can. Remember to use
observational tools other than your eyes. Share your list with a partner.

Would any of your observations help to classify what type of reaction this is? Answer the
following questions.

e Was energy released in the reaction?

e |f so, what forms of energy? How do you know?

e Was it a fast reaction?

e What was used up in the reaction? What was produced?

¢ Did the reaction start on its own? (Was it spontaneous?)
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Chemical formulas

To be able to understand the atoms contained in
a substance and involved in chemical reactions,
scientists use chemical formulas. A chemical
formula is made up of letters and numbers. The
letters are element symbols and tell us which
elements are present. The subscript numbers tell
us how many atoms of that element are present
in each molecule, or in the case of lattice
structure, the ratio of atoms of each element.
You were introduced to ionic and covalent
compounds in Oxford Insight Science 9.

lonic compounds

Ionic compounds contain both metal and non-
metal elements. The metal atoms donate their
valence electrons to the non-metal atoms,
causing the metal atoms to form positively
charged cations. Accepting the electrons
causes the non-metal atoms to form negatively
charged anions. The difference in charge
forms ionic bonds between ions. Ionic bonds
are relatively weak and often break when the
compound is dissolved in water. The number
of electrons donated or accepted determines
the charge of the ion, which in turn influences
the ratio of atoms in the compound.

Ionic compounds list the metal element
first in the name, followed by the non-metal
element name. However, the non-metal name
is altered slightly so that it always ends in ‘ide’.
For example, oxygen becomes oxide; chlorine
becomes chloride; and sulfur become sulfide.
Polyatomic ions (ions made up of a combination
of more than one atom and usually more than
one element) take on their own specific name,
which may not necessarily end in ‘ide’.

Ionic compounds usually form hard and
brittle crystal lattices. The chemical formula
of an ionic compound indicates the ratio of

Molecular compounds

Molecular compounds contain two or more

different non-metal elements. The different

atoms share electrons in their valence shells
and form strong covalent bonds. The number
of electrons required to make the valence shell
of each atom stable determines the number
of electrons shared and the ratio of elements
involved in the compound.

Molecular compounds form discrete
molecules, so the numbers in the chemical
formula indicate the exact number of atoms
required for each molecule.

Molecular compounds are named
according to the number of each element in
the compound. There are a number of rules
involved in naming molecular compounds.

o The element listed first is found further
left on the periodic table than the other
element. For example, carbon is listed first
in any compound containing carbon and
oxygen.

e The ending of the second element name is
changed to ‘ide’.

e Numerical prefixes indicate the number of
atoms of each element (see Table 3.2).

o If there is only one atom of the first listed
element, the prefix ‘mono’ is dropped.

Some everyday molecular compounds have
a common name as well as a scientific name
(see Table 3.2).

Table 3.2 Some common molecular compounds.

Chemical formula

Figure 3.5 Covalent bonds,
such as those in H,0,

are formed when valence
electrons are shared
between two atoms.

H,0 Dihydrogen monoxide Water

NH, Nitrogen trihydride Ammonia

CH, Carbon tetrahydride Methane

H,0, Dihydrogen dioxide Hydrogen peroxide

different elements in the compound. HCL Hydrogen monochloride ~ Hydrochloric acid
. o . . 5 . .
o - »! . . " . ” .
- -
- G L) . . 4 6 e e LR Figure 3.4 Sodium
chloride (NaCl) forms a
. o 3D lattice made up of one
" 5 ' b % ~ - i N 7 4 & o positively charged sodium
- " * ' ' cation for every negatively
® b charge chlorine anion.
Na Cl Na Ct



Naming compounds and writing chemical formulas

Part A: lonic compounds

lonic compounds are always written and named with the metal element before the non-metal
element, which always ends in ‘ide’. The ratio of cations and anions must result in a substance
without charge. That is, the positive charges must cancel out the negative charges. Table 3.3 lists
some common ions.

Table 3.3 Some common ions.

D e T S [ S
:

Lithium Li* Fluorine

Sodium Na* Chlorine Ccl
Potassium K* Bromine Br-
Magnesium Mg? lodine I-
Calcium Ca? Oxygen 0%
Zinc Zn? Sulfur &=
Aluminium Al Nitrogen N3-

Example

1 What is the name and formula for the compound of zinc and sulfur?
e Theions are Zn* and S%.

e Because the charges 2+ and 2- are equal, the ions need to be in the ratio of 1:1.

Therefore the formula is ZnS.
e The compound is called zinc sulfide.

2 What is the name and formula for the compound of aluminium and oxygen?
e Theions are A and 0%.

e Because the charges 3+ and 2~ are unequal, the ions need to be in the ratio of 2:3
(2x3=6,3x2=6).

* Therefore the formula is ALO,.
e The compound is called aluminium oxide.
Your turn

1 Write the chemical formula and the name for the compounds of:
a calcium and bromine
b sodium and nitrogen.
Part B: Molecular compounds
Molecular compounds are named using numerical prefixes to identify the number of atoms for each
element involved. The second element always ends in ‘ide’. Table 3.4 lists the numerical prefixes.

Example

1 Identify the name of the compound, NF..
¢ |dentify the element symbols: N = nitrogen, F = fluorine.
e Because nitrogen does not have a subscript number, it doesn’t require a prefix.
¢ Fluorine has the subscript number 3, so needs the prefix ‘tri’ and must end in ‘ide’.

e The compound is called nitrogen trifluoride.
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2

Identify the formula of the compound, Table 3.4 Numerical prefixes for naming molecular
phosphorus pentachloride. compounds.

phosphorus = P, chlorine = CL. 1 YR

e Because phosphorus doesn’t have ) di
a prefix, there must only be one

atom, and so no subscript number is 3 il
needed. 4 tetra
¢ Chlorine has the prefix ‘penta’, so 5 penta
must have the subscript number 5.
6 hexa
e The chemical formula of the
compound is written as PCL,. ’ hepta
Your turn 8 octa
1 Name the compound S,F,. ? nona
10 deca

2 Write the chemical formula for sulfur

hexafluoride.

QUESTIONS 3.1.1: CHEMICAL REACTIONS AND CHEMICAL FORMULAS

Remember

1 Definite the terms ‘reactant” and ‘product’ in relation to chemical reactions.

2 |dentify which way of describing a chemical reaction tells us most about what is
happening to the atoms.

3 Identify the differences between ionic and molecular compounds. You may like to
use a table or graphic organiser.

Apply

4 |dentify what you think the “(s)’, ‘(l}’, “(g)" and ‘(ag)’ stand for in the chemical
equation for the reaction of sodium metal with water (see page 107).

5 Name the following compounds.
a NH,
b Na0

6 Identify whether the compounds in question 5 are ionic or molecular. Justify your
decisions.

7 Write the chemical formula for dinitrogen tetraoxide.

Analyse

8 Suggest an advantage of using chemical formulas over compound names.

3.1 CHANGING MATTER WITH CHEMICAL REACTIONS
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CONSERVATION OF MASS

While a chemical reaction produces a new reaction are still present at the end. They have
substance, only the atoms present in the simply been rearranged into something new.
reactants are used. Chemical bonds between The law of conservation of mass explains
atoms may be broken and re-formed between this phenomenon by stating that the total
different atoms, but no atoms are destroyed mass of the reactants must be equal to the

or created in the process. This means that all total mass of the products of a chemical

the atoms that were present at the start of the reaction.

Aim

To determine if mass is conserved in a chemical reaction.

Hypothesis

Predict whether you think the mass of the products of this reaction will be the same as the

mass of the reactants consumed in this reaction. Rewrite your prediction as a hypothesis
using an ‘If ... then ..." statement.

Materials

e Balance e (as jar and cover
e Measuring cylinder e Limewater

e 2 conical flasks e Spatula

e Sodium bicarbonate e Balloon

e Watch glass e Thermometer

e Vinegar

> Make sure that you have discussed any possible risks to yourself or others with
your teacher and members of your investigation team. Identify how you could
minimise or eliminate any anticipated risks.

Part A

Method

1 Copy the results table on page 113 for part A to record your results.

2 Add 20 mL of vinegar to a flask.

3 Use athermometer to measure the temperature of the vinegar.

4 Ensure the balance is reading zero. Weigh the vinegar and flask. Record this mass (m,).
5 Predict whether the mass of the flask and vinegar after the reaction with the sodium

bicarbonate will be more, the same or less than the initial mass.

6 Measure 2.0 g of sodium bicarbonate (m,) and place it on a watch glass. Add the sodium
bicarbonate to the flask containing the vinegar and swirl the solution until the bubbling

stops.
Figure 3.6 Add the 7 Measure the temperature of the solution in the flask.
sodium bicarbonate to the 8 Weigh the flask after the reaction has stopped. Record the final mass (m,).

vinegar.
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Results
Mass of flask and Mass of sodium Total mass before Mass after reaction
vinegar (m,) bicarbonate (m,) reaction (m, +m,) (m,)

Part B
Method

1 Copy the results table below for part B to record your results.
Add 20 mL of vinegar to the clean flask.

Ensure the balance is reading zero. Weigh the vinegar, flask and a balloon. Record this
mass (m,).

4 Predict whether the mass of the flask, vinegar and balloon after the reaction with the
sodium bicarbonate will be more, the same or less than the initial mass.

5 Measure 2.0 g of sodium bicarbonate (m,) on a watch glass. Add the sodium bicarbonate
to the balloon then stretch it over the neck of the flask to collect any gas produced.
Invert the balloon so its contents empty into the flask and vinegar.

Weigh the flask after any reaction ceases, with the balloon still attached. Record the
final mass (m,).

Pour limewater into a gas jar to a depth of around 2 cm.

Pinch the balloon and remove it from the flask. Release the gas in the balloon into the
gas jar and limewater. Put the lid on the gas jar and gently swirl the limewater in the
jar, noting what happens. If the limewater turns milky, it suggests that carbon dioxide
was produced in the reaction of vinegar and sodium bicarbonate. This gas has then
reacted with the limewater to produce white calcium carbonate.

Results
Mass of flask, vinegar Mass of sodium Total mass before Mass after reaction Figure 3.7 Quickly stretch
and balloon (m,) bicarbonate (m,) reaction (m, + m,) (m,) the balloon over the
flask to collect any gases
produced.
Discussion

1 Compare the initial and final masses for each part of the experiment. Is this what you
expected? Explain why or why not.

2 Didyou identify that a gas was produced in the reaction between sodium bicarbonate
and vinegar? How did you know?

3 Describe whether the temperature of the vinegar solution was the same, lower or
higher after the reaction with sodium bicarbonate.

Identify the gas produced.
Identify the purpose of the balloon.

Was carbon dioxide gas produced in the reaction? Describe how you know this.

N o~ o1

Explain how the design of this experiment and the reliability of your results could be
improved.
Conclusion

e Describe the evidence you observed that tells you that a chemical reaction did occur.
¢ Describe your evidence that indicates mass was conserved in this chemical reaction.
e Was your hypothesis supported or not supported by your observations?
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Chemical reactions and mass

What happens to the mass of chemicals during chemical reactions? To find out, we can
gather some evidence by experimenting. Consider the reaction of acid in vinegar with sodium
bicarbonate. This reaction produces carbon dioxide gas, and it can be represented as:

acetic acid (vinegar) + sodium bicarbonate - sodium acetate + carbon dioxide + water

Experiment 3.1.1 showed that when the products of a chemical reaction are not allowed to
escape, the mass of the products after the observed reaction is the same as the mass of the reactants
at the start. This is a very important observation. It shows that the total mass of the chemicals is not
changed in a chemical reaction and supports the law of conservation of mass.

Atoms in a chemical reaction

Methane gas (CH,) is the main gaseous compound present in natural gas, which is used in the
home for cooking and heating. When it burns, it combines with oxygen (O,) in the air to form
carbon dioxide (CO,) and water (H,0), which can be represented as:

CH, +20,-> CO, + 2H,0

Figure 3.8 shows what is happening to the atoms during this reaction. Different atoms are
represented by different colours. One methane molecule combines with two oxygen molecules to

'
o

methane oxygen carbon dioxide water

produce one carbon dioxide molecule and two water molecules.

‘ oxygen
@ wiw A, + — Q9 -
Q 0

hydrogen

Figure 3.8 Atoms are rearranged during a chemical reaction.

When the methane gas is burning, this reaction is happening between millions of molecules,
but for each and every reaction between methane and oxygen, the atoms always rearrange in this
way, if there is plenty of oxygen.

Writing chemical equations

Hydrogen combines with oxygen to produce water. The equation can be written using the following
steps.

1 Write the word equation for the reaction.
hydrogen + oxygen — water

2 Write a chemical equation using the formulas of the substances involved.
H,+0,>H.0

3 Work out the number of each type of atom in the reactants (left-hand side) and in the
products (right-hand side) by looking at the subscript numbers.
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4 Compare the number of each type of atom in the reactants with the number in the products.
In this case, the number of atoms in the products of the reaction (2 + 1 = 3) is different from
the number of atoms in the reactants (2 + 2 = 4). This doesn’t fit the law of conservation of
mass. We can’t have ‘lost’ an oxygen atom.

5 The equation needs to show that the numbers of each atom in the products are the same
as they were in the reactants, according to the law of conservation of matter. We do this by
including whole numbers (called coefficients) in front of the formulas of the elements or
molecules, where necessary. The coefficient is a multiplier and applies to each different type
of atom within a molecule. Coefficients are added to the chemical formulas until the
equation is balanced; the number of reactant atoms equals the number of product atoms for
each element.

6 To balance the equation for the reaction between hydrogen and oxygen molecules, the
hydrogen molecule in the reactants and the water molecule in the products each have a
coefficient of 2. The oxygen molecule has a coefficient of 1, but a coefficient of 1 doesn’t need

_.i 6
——— 0

to be shown.

2H,+0,-> 2H,0

e [ > [ rome
H 0 > H o0

Type of atom

Number of 2 2 > 2 1
atoms
resons | > | s
Type of H 0 -> H 0
atom
NIl 2x2=4 2 > 2x2=4 2x1=2
of atoms

Q hydrogen
‘ oxygen

(W PR

H,+0

? 2 ?

o0
k—Q“_’i@

H0

—_—
2

H,+0

Ba]ancing chemical 1 Write the word equation for the reaction.

equatlons (addltlonal 2 Write the word equation as a chemical

Figure 3.9 An atom

of oxygen can’t have
‘magically’ disappeared.
This reaction is not yet
balanced.

Figure 3.10 The law of
conservation of mass
means that two molecules
of hydrogen must react
with one molecule of
water to produce two
molecules of water.

content)

When an airbag from an older car activates,
the atoms in a chemical called sodium azide
(NaN,) separate to form sodium metal and
nitrogen.

Your turn

Follow these steps to write and balance the
equation for airbag activation.

equation using the formulas of the
substances involved.

Work out the numbers of each type of
atom in the reactants (left-hand side) and
in the products (right-hand side).

Compare the number of each type of
atom in the reactants with the number

of each type of atom in the products and
use coefficients to balance the number of
atoms on both sides.

3.1 CHANGING MATTER WITH CHEMICAL REACTIONS
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What are the key feature of a chemical change compared to a physical change?

If no mass is lost or gained in a chemical reaction, outline what this tells you about the
atoms involved in the reaction.

What do the following numbers in a chemical formula tell you?
a Subscript numbers

b Coefficient numbers

Explain why the products of a reaction have very different properties from those of the
reactants, even though the total mass remains the same.

Explain why chemical reactions that are not ‘balanced” are always incorrect.

Balance the following equations by adding numbers.
a _ Na+__HO->_ NaOH+__H
b _H+_ 0,->__HO

¢ _CH+_0,-_CO,+__HQO
d _ Mg+_ HCI->_ H,+__ MgCl

e _ NaOH+__ HCl— _ NaCl+__HJ.0

Rewrite all of the equations in question 6 as word equations. |dentify the common
names for NaCl and H,0.

2

v -

AUSTRALIAN CURRICULUM FOR NSW STAGE 5



CHANGING MATTER WITH
CHEMICAL REACTIONS

Remember and understand

1

Describe what all substances are made
from. [1 mark]

State the law of conservation of mass.

[2 marks]

Describe what happens to atoms during a
chemical reaction. [2 marks]

Identify how many atoms of each element
in total are present in:

a amolecule of citric acid (C,H,0,).
[3 marks]

b six water molecules (6H,0). [3 marks]

Apply

5

Identify three things you could observe
that would indicate a chemical reaction
has taken place when chemicals are
mixed or burned. [3 marks]

In the car airbag described in the Science
Skills: Balancing chemical equations (see
page 115), other chemicals are present

in the bag to react with the sodium metal
after it is produced. Apply your knowledge
of sodium to explain why you think that
this is necessary. [2 marks]

Analyse and evaluate

7

Outline the advantages and
disadvantages of using a balanced
chemical equation to describe a chemical
reaction. [2 marks]

Critical and creative thinking

8

Think back to the work of the early
alchemists. Outline why they thought
they could create new substances from
old materials. Use your knowledge from
this unit to explain why their efforts to
produce gold from other substances were
futile. [2 marks]

The law of conservation of mass states
that the total mass of substances is

the same before and after a chemical

reaction. Explain why the following

observations do not contradict (go

against) the law of conservation of mass.

a Aniron nail becomes heavier as it
rusts. [2 marks]

b When a piece of magnesium is mixed
with acid in a beaker to produce
hydrogen gas, the combined mass of

the beaker and its contents decreases.

[2 marks]

Making connections

10 The main idea that you have been

considering in this section is that when
substances interact and change, atoms
within the substances are rearranged.
LPG (liquefied petroleum gas), which
is used in barbecues, contains propane
(C,H,). When propane gas burns in air,
it reacts with oxygen to produce carbon
dioxide and water.

The reaction can be represented by a
chemical equation:

propane + oxygen —> carbon dioxide +
water vapour

C,H, + 50, > 3C0, + 4H,0

The molecules involved in the reaction
can be represented as shown in
Figure 3.11.

a Describe what happens to a carbon
atom (black) during this reaction.
[2 marks]

b Explain why three molecules of
carbon dioxide are produced for
each molecule of propane reacted.
[2 marks]

¢ Use this reaction to explain the law of
conservation of mass in a chemical
reaction. [2 marks]

CHECKPOINT

propane (CH,)

e®

oxygen (0,)

carbon
dioxide (CO,)

water (H,0)
Figure 3.11 Molecules

involved when propane
burns in air.

TOTAL MARKS

[ /30]

¥ B
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CLASSIFYING CHEMICAL
REACTIONS

All chemical reactions begin with reactants and result in products. However,

reactions can be classified according to particular interactions between
reactants and the products they produce. Descriptions of reactions may focus
on observation, such as the production of gas or heat. Alternatively, they may
name the chemicals involved, writing word equations or chemical equations
with symbols and formulas to demonstrate the rearrangement of atoms during
the reaction.

REACTIONS INVOLVING ACIDS AND BASES

UNDERSTANDING

Acids are commonly found around us. Unripe
fruit tastes sour because of the presence of acid.
Weak acids in fruit include citric acid in oranges
and lemons, tartaric acid in grapes, malic acid in
green apples and oxalic acid in rhubarb. Vitamin
C is ascorbic acid. Sour milk and yoghurt
contain lactic acid. Vinegar is acetic acid. Fizzy
soft drinks contain carbonic acid.

Acids are a group of chemical compounds
with similar properties. As well as tasting
sour, all acids produce a prickling or burning
sensation if they contact skin. All common
acids contain at least one hydrogen atom. They
tend to react with many metals.

Some acids are strong and some are weak.
Strong acids are dangerous because they can
react continuously and can ‘eat’ their way

through objects. Very strong acids such as

of a sting from a fire ant?

Treating the sting of ant bites

concentrated sulfuric acid can dehydrate
(remove water from) carbohydrates such as
sugar to leave behind carbon. This gives an
appearance of burning. Weak acids are usually
much safer and we can eat and drink some of
them. Most of us enjoy the sour taste of weak
acids in foods or condiments such as vinegar
or in citrus fruits.

Bases can be described as the chemical
opposites of acids. They are bitter and feel
slippery or soapy to touch. A base that
dissolves in water is called an alkali and
solutions that are formed by these soluble
bases are described as alkaline solutions.

Both acids and bases can be very
dangerous. It is important to remember not to
taste or touch any chemicals in a laboratory!

What happens when an ant bites you? Most ants release a toxin that includes methanoic acid
(sometimes called formic acid), which is released into the skin when they bite. Methanoic
acid causes the stinging sensation. A preparation that contains baking soda works quite
well to reduce the stinging sensation. This is because baking soda is a base, so it
neutralises the acid in the toxin, thus taking away the sting.
Not all insect stings are acidic. Fire ants release an alkaline compound. Treating

fire ant stings with a base such as baking soda will not ease the pain because one
base will not neutralise another base. What do you think would neutralise the effect

Figure 3.12 A scanning electron microscope image of a fire ant. Unlike
many ant species, fire ants release a strong base when they bite.
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Identifying acids and
bases

Acids and bases can be identified by taste,
touch and smell, but it’s often not safe to do
so. A safer alternative is to use an indicator.

An indicator is a substance that changes
colour in the presence of an acid or a base.
Some plants naturally contain pigments that
are examples of these substances.

The coloured chemicals in many flowers
and fruits can be extracted with hot water, and
then used as an indicator for acids and bases.
Red cabbage contains a water-soluble pigment
called flavin, which is also found in plums,
poppies, grapes and apple skin. Very acidic
solutions will become red when flavin is added,
neutral solutions become a purplish colour
and alkaline solutions appear greenish yellow.

Figure 3.13 Some vegetables, such as red cabbage,
can be used to make pH indicators.

In the laboratory, scientists commonly use
litmus paper and universal indicator as
indicators. Litmus paper is the most commonly
used indicator for quickly testing whether a
substance is an acid or a base. Litmus paper
becomes red in acidic solutions and blue in

Universal indicator is a mixture of different
indicators. It is more accurate than litmus
paper, because it also indicates the strength
of the acidic or the basic solution that is
being tested.

Figure 3.14 Blue litmus
paper turns red to
indicate the presence of
acid.

Figure 3.15 Universal indicator paper will turn a
range of different colours depending on the strength
of the acid or base. Reds and oranges are typically
acids, blues and purples are bases, while neutral is
usually green.

The pH scale

The pH scale describes the relative acidity
or alkalinity of a solution. If a solution is
neutral - that is, it is neither an acid nor a
base - it has a pH of 7. Pure water has a pH
of 7 because it is neutral.

Acids have pH values of less than 7. The
higher the acidity of a solution, the lower the
pH of the solution. A pH of 1 or less indicates
a very acidic solution.

Bases have pH values greater than 7.
Strong bases, such as caustic soda (sodium
hydroxide), can form solutions with a pH of

basic solutions. up to 14.
1.0 MHCL lemon apple banana water baking soda household ammonia drain cleaner
juice (caustic soda)

o @ <

T

g—ga

stomach vinegar  tomato
acid

milk
Acidic

0 ¢

Neutral

10 n 12 13 14

<& =

s0ap

blood

small
intestine

Figure 3.16 The pH scale
and the relative pH of

Basic various substances.
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What you need: pH paper and pH colour chart, white tile, variety of laboratory acids and
bases, vinegar, milk, toothpaste, lemon juice

1

2
3
4
5

Tear off about 1 cm of pH paper and place it on a white tile.

Place a drop of a laboratory acid on the paper.

Compare the colour of the wet spot on the pH paper with the pH colour chart.
Repeat for the laboratory bases and the other substances.

For each substance, record the pH colour and number, and note whether the substance
is an acid, a base or neutral.

Dilute some of the substances in water and measure the pH of the diluted solutions

with more indicator paper.

¢ Which was the most acidic solution that you tested (lowest pH)?

e Which was the most basic solution that you tested (highest pH)?

e What happens to the pH of an acid when the acid is diluted in water? Is it more or
less acidic?

e Using your answer to the previous question, suggest a way of treating a burn caused
by acid.

To make an indicator from red cabbage, and to demonstrate how it can be used to identify
acids and bases.

120

2 leaves from a fresh red cabbage e Hotplate or Bunsen burner, tripod and
(shredded) gauze mat

Stirring rod e Test tubes and test tube rack

Water e Hydrochloric acid (0.1 M)

Beaker (250 mL) e Sodium hydroxide (0.1 M)

Strainer

To make the indicator:
a Cut afew red cabbage leaves into smaller pieces and place them in the beaker.
b Cover the cabbage leaves with water and boil the mixture until the water is purple.

¢ Cool the liquid and then strain it, discarding the cabbage leaves.
To test the indicator:

e Add a small amount of hydrochloric acid to a test tube and then add a few drops of
red cabbage indicator. Record any colour change in a results table.

e Add a small amount of water [neutral solution] to a test tube and then add a few
drops of red cabbage indicator. Record any colour change in your table.

e Add a small amount of sodium hydroxide (basic solution) to a test tube and then add
a few drops of red cabbage indicator. Record any colour change in your table.

e Add a few drops of red cabbage indicator solution to a variety of products, such as
shampoo, vinegar and baking soda. Record the colour changes and determine which
products are acids and which are bases.
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Present your observations in a table.

1 What colour is the extract from red cabbage?

2 What colour does the extract become in:
a anacid b abase ¢ water?

Identify whether the red cabbage solution is a suitable acid-base indicator.

Plan an investigation to discover what other plants, flowers or fruits could be used to
create an indicator to test for the presence of an acid or a base.

Reactions involving acids

A general reaction for an acid is a word equation that summarises a reaction, without naming the
particular acid. General reactions help you to learn the common reactions involving acids. You can
also use them to predict the products of a reaction if you know the reactants being used.

Acids reacting with bases

When an acid and a base react, they neutralise each other to form a salt and water. This type of
reaction is called a neutralisation reaction.

acid + base > salt + water

Different acids will produce different salts in neutralisation reactions. For example, sulfuric
acid will produce salts called sulfates. When hydrochloric acid reacts with sodium hydroxide, the
salt sodium chloride (common table salt) and water are produced.

sodium hydroxide + hydrochloric acid - sodium chloride + water

The chemical equation is: NaOH(aq) + HCl(ag) > NaCl(aq) + H,0

Acids reacting with metals

When an acid reacts with a metal, hydrogen gas is produced, as well as a salt.

metal + acid - salt + hydrogen

Some metals, such as magnesium, react rapidly with acids. Magnesium reacts with
hydrochloric acid to produce magnesium chloride and hydrogen gas.

magnesium + hydrochloric acid - magnesium chloride + hydrogen
The chemical equation is: Mg(s) + 2HCl(ag) - MgCl,(aq) + H,(g)

Less reactive metals, such as lead, need to be heated to get them to react with acids such as
hydrochloric acid. Other metals, such as gold, will not react with typical acids found in school
science labs.

Acids reacting with metal carbonates or bicarbonates

When an acidic solution reacts with a metal carbonate or bicarbonate, a salt, carbon dioxide and
water are produced. The general reaction is:

metal carbonate + acid - salt + carbon dioxide + water
The reaction of citric acid (C,H,O,) with sodium bicarbonate (NaHCO,) is used in sherbet to
produce the fizzy sensation in your mouth.
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To investigate neutralisation reactions.

e Hydrochloric acid (1 M) e Universal indicator solution

¢ Sodium hydroxide (1 M) e 100 mL beaker

e Test tubes and test tube rack e Petridish

e Dropping pipettes e Microscope or magnifying glass

e 10 mL measuring cylinder

> Ensure that you wear safety goggles at all times during this experiment and avoid
skin contact with the hydrochloric acid and the sodium hydroxide solutions.

WARNING

1 Using the measuring cylinder, transfer 5.0 mL of hydrochloric acid into the beaker.
Rinse out the measuring cylinder with water.

Add 2 drops of universal indicator solution to the acid.
Pour 10 mL of the sodium hydroxide into the measuring cylinder.

Using the dropping pipette, add the sodium hydroxide from the measuring cylinder to
the acid in the beaker.

5 Stop adding the sodium hydroxide when the acid has been neutralised. (The indicator
will turn green.)

Record how much sodium hydroxide you needed to add.

Carefully empty and rinse out your glassware and repeat the experiment. This time, do
not add any universal indicator but use the same amount of sodium hydroxide as you
did before.

8 Pour the solution into a Petri dish until full and leave the dish open in a safe warm place in
the laboratory for a few days. As the solution evaporates, record your observations.
"r)’ A

R\ 7( flif

1 Why was it essential to rinse the measuring ‘ ' E
cylinder with water after it was used? ‘ e

2 Outline why the experiment was repeated ‘ U
without the indicator.

Present your results in a table.

e

3 Outline how you could produce the solid
salt more quickly in the last step of the w N\
method. e, L

Figure 3.17 Compare the colour of the
solution to the universal indicator pH scale to
determine when it is neutral.

4 Should you taste the product of this
reaction to check whether salt has been
produced? Explain your reasoning.

5 Describe what you notice about the shape of the salt crystals produced. What can you
infer about the arrangement of the particles inside the salt crystals?

What have you observed about neutralisation reactions?
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To investigate the rate at which a metal reacts with an acid at different temperatures.

Predict the effect of an increased or a decreased temperature on the reaction between
magnesium and hydrochloric acid. Write this prediction as a hypothesis using an
‘If ... then ..." statement.

¢ Hydrochloric acid (1 M) e lceslurry

e 3testtubes and test tube rack e 3 pieces of magnesium ribbon of
e 3 beakers identical length

e 10 mL measuring cylinder e Stop watch with lap timer capacity

1 Add 5 mL of hydrochloric acid to each test tube.

2 Place one test tube in a beaker of ice water, one in water at room temperature and one
in hot water. Leave the acid to reach the same temperature as the beaker in which it is
sitting (5-10 minutes). This is called equilibrating.

3 Add a strip of magnesium to each test tube and commence timing the reaction in each
test tube.

4 Record the time at which the reaction is no longer observed; that is, when all
magnesium is reacted.

Present your results in a table.

Identify which reaction was fastest and which was slowest. What does this suggest about
the effect of increased temperature on the rate of this reaction? How accurate was your
hypothesis?

What you need: small zip-lock sandwich bag, 1 tablespoon icing sugar, % teaspoon sodium

bicarbonate (baking soda), % teaspoon citric acid, 1 teaspoon flavoured jelly crystals If'ﬁ..
> Do this activity in a food preparation area using food preparation implements so U
that the sherbet is safe to eat. Remind your teacher if you have food allergies or 'l
diabetes - you may not be able to taste the sherbet. d .
'
_ 1!
1 Make sure the utensils are clean and dry.

2 Mix all the ingredients in the sandwich bag.

3 Dip aclean spoon into the mixture and put a small amount on your tongue. o e
e What happened to the sherbet when it mixed with the saliva in your mouth?
e What three substances were formed? s
e How did the sherbet feel on your tongue? What differences in tastes did you observe?

¢ Do you think that carbonates and bicarbonates should be described as bases? Figure 3.18 Sherbet fizzes

Explain your answer, carrying out research if required. in a chemical reaction
involving saliva.
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What you need: hydrochloric acid (1 M), test tubes and test tube rack, small pieces of
metals (e.g. aluminium, copper, iron, magnesium, tin and zinc] to fit into test tubes

> Wear safety goggles at all times and avoid skin contact with the acid.

1 Add a small piece of one metal to a test tube and pour in enough acid to cover it.

2 Observe what happens (e.g. bubbling, metal dissolving, colour change, test tube
warming) and record your observations in a table.

3 Repeat steps 1 and 2 for each metal.

4 If one of the test tubes bubbles vigorously, collect some of the gas from the bubbles by
holding an empty inverted larger test tube over the top of the reaction test tube. Test
to see whether that gas is hydrogen by keeping the collection test tube inverted and
holding a lighted match near the mouth of the test tube. If the gas is hydrogen, you will
hear a popping sound.

e What observations did you make about how the metals reacted with the acid?
e  Which metal was the most reactive with the acid?
¢ Which metal was the least reactive with the acid?

1 List the main properties of acids and bases. You could use a table or graphic
organiser to help you.

Identify the pH that would indicate a strong base. What about a strong acid?
Identify the nature of a substance with a pH of 7.

Describe the colour of litmus paper in a solution of:

a anacid

b abase.

5 Identify the general terms to describe the two products of a neutralisation reaction
between an acid and a base.

6 Identify the gas produced when an acid and a carbonate react.

7 Leo spilled some acid on his laboratory coat. What should he do? Explain your
answer.

8 Write the word and chemical equations for two of the reactions you have
investigated in this section.

9 Count the number of each type of atom on both sides of the equations you wrote
in question 8. Describe what you notice about the numbers of atoms. Are the
equations balanced? What does this tell you about what is happening to atoms in
these reactions?
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REACTIONS INVOLVING OXYGEN

When you see something burn, you are

witnessing a substance reacting with oxygen CH.OH
. . . 2

in a chemical reaction. The amount of energy

released can be huge. It is in the form of heat
energy and light energy, which we see as a

flame, and sometimes sound energy. Chemists

| /C—O OH
classify these as combustion reactions. | |

Not every substance reacts with oxygen in /
HO C—C

this way. For example, iron reacts with oxygen

quite slowly at room temperature. There |.| OH
are no flames, just gradual corrosion of the

. . . . Figure 3.20 Glucose
metal. This type of reaction with oxygen is not Figure 3.19 Oxygen is a key reactant in all combustion (C,H,,0,) reacts with
classified as combustion. reactions. oxygen in living systems.

Metals reacting with oxygen

When metal elements react with oxygen, a metal oxide is formed.

metal + oxygen - metal oxide

In the case of very reactive metals, this reaction is rapid and produces a lot of heat. For
example, if magnesium metal is briefly exposed to a flame or is heated, it will start to react with
the oxygen in the air, producing a brilliant white light. This reaction should never be watched
directly because the light can damage your eyes.

The word equation for this reaction is:
Figure 3.21 Burning

magnesium + oxygen — magnesium oxide magnesium produces a
dangerously intense white
The chemical equation is: light.

2Mg(s) + 0,(g) = 2MgO0(s)

For moderately reactive metals like iron, the reaction still produces heat but it is slow.

Corrosion

Corrosion reactions are most commonly seen as metals reacting with the oxygen and moisture in
their surroundings to produce metal oxides.

Corrosion costs the Australian economy billions of dollars each year. Metal roofs, cars, metal
pipelines, metal bridges such as the Sydney Harbour Bridge and steel ships all corrode, at great
expense. Maintenance is constant and expensive.

Corrosion is generally associated with a metal reacting with oxygen and water. The corrosion
you will be most familiar with is the corrosion of iron or steel known specifically as rusting.

The word equation for this reaction is:

iron + water + oxygen — rust

The chemical equation is: Figure 3.22 All metals
corrode, but only iron
4Fels) + 6H20[U + 302[91 -> AFG[OH]3(S] forms rust. The corrosion
. Lo . . of this copper pipe
The rate of corrosion is different for different metals. For example, zinc corrodes much more produced copper oxide,
quickly than iron, whereas gold corrodes much more slowly. The rate of corrosion of a metal will which then reacted

further with carbon
dioxide to form green
with methods to prevent it or reduce the damage it can cause to structures. copper carbonate.

also change depending on the conditions. Understanding corrosion means that we can come up
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When iron ‘rusts away’, it is undergoing a corrosion reaction. But is it actually losing mass?

o~ Ol N WN

What you need: balance, pair of similar clean iron nails, pair of test tubes, test tube rack

Predict whether a nail will weigh more or less when it is not corroded. Write your
prediction as a hypothesis.

Accurately weigh both nails and record their masses.

Add water to one test tube and place both test tubes in the test tube rack.
Add a nail to each test tube, noting the mass of each nail in each test tube.
Leave the nails for a week.

Take both nails out of their test tubes and leave them in a dry environment for 24 hours.
Note any difference in appearance in the nails.
Reweigh both nails. Compare the masses of both nails with that of 8 days before.

e Has the corroded nail decreased in mass, increased in mass or stayed the same?

e Has the law of conservation of mass been compromised? Explain based on your
observations.

e Was your hypothesis supported or not supported? What evidence did you use to
decide this?

e Corrosion occurs in many metals. Outline why in some situations, such as the
corrosion of a metal boat, the corroded metal seems to have disappeared.

Challenge

Your task is to investigate the conditions required for the corrosion of iron and to determine
the best conditions to prevent corrosion. You may like to refer back to the results of
Experiment 5.1.2 you did in Oxford Insight Science 8 on page 214.

Questioning and predicting

Planning and conducting

Choose one variable to focus your
investigation on (e.g. oxygen availability,
salt concentration, temperature, surface
covering).

Predict which condition will best prevent
corrosion and write your prediction as an
‘If ... then ..." statement.

State the aim of your experiment.
During your planning, refer to your aim

continually to ensure your method is Figure 3.23 Some possible conditions you may
like to test.

valid.

Identify which variables will need to be

kept constant and explain why this is the case.

Describe a logical method for your experiment, making sure to specifically identify
equipment needed.

[dentify how you will take your measurements and specify the units to be used.
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e Assess any risks associated with your method and determine how to minimise them.
e Show you teacher your method before carrying it out.

Processing data and problem solving

e Collect, collate, summarise and present your data appropriately.

e Apply numerical procedures as appropriate (e.g. finding the average of data sets).
e Identify the data that supports or disproves your hypothesis.

e Describe ways to improve your method and your data.

e Describe relationships between variables.

e Determine the reliability and validity of your data.

e Based on your results, suggest a method of preventing corrosion of iron.

Communicating

Present your findings as scientific evidence to support your proposal for corrosion prevention.

Non-metals reacting with oxygen

Some non-metal elements react with oxygen, which is also a non-metal. The result is generally
a molecular compound. Consider the following reactions.

hydrogen + oxygen — water

2H,(g) + 0,(g) > 2H,0(g)

carbon + oxygen = carbon dioxide

Cls) + 0,(g) > CO,(g)

Both of these reactions give out a lot of heat energy. The first reaction can cause explosions
and the second is what happens when coal burns. The products of these reactions are described as
non-metal oxides.

Carbon dioxide, like the oxides of most non-metals, is an acidic substance. When non-metal
oxides dissolve in water, they form acidic solutions, so they are called acidic oxides. Other acidic
oxides are sulfur dioxide (SO,) and nitrogen dioxide (NO,).

. . DEEPER
Acid rain UNDERSTANDING

One problem caused by carbon dioxide and certain other gases in the atmosphere is acid rain
(see Oxford Insight Science 8, page 233).

As rainwater condenses from water vapour in the air and falls to the ground, it can
dissolve carbon dioxide from the atmosphere. A product of this reaction is a weak acid called
carbonic acid (H,C0,). As a result, fresh rainwater usually has a pH of 5-6.

Cars, other vehicles, factories and power plants all give off pollutants that enter the
atmosphere. These pollutants include sulfur dioxide (SO,) and nitrogen dioxide (NO,), which
may also dissolve to produce the much stronger acids, such as sulfuric acid (H,S0,) and nitric
acid (HNO3]. The result is known as acid rain, which can have a pH as low as 3.

Acid rain is corrosive to building materials, marble and limestone, and much corrosion has
been found on buildings and statues due to acid rain. It kills wildlife in lakes and rivers, and
has destroyed vast areas of forest throughout the world.

One way to prevent acid rain is to treat waste gases so that acid-causing pollutants are
reduced in the atmosphere. Another way is to reduce the use of fuels containing carbon
and sulfur.

Figure 3.24 Burning
charcoal heat beads
produces carbon dioxide.

-
:?
> .

il M"
Figure 3.25 This stone lion

has been heavily corroded
by acid rain.
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Combustion of fuels

C ok

When hydrogen gas burns in oxygen, large amounts of heat energy
are produced. If this reaction happens in uncontrolled conditions,
then it is very dangerous. It caused the destruction of the Hindenburg
airship in 1937 when a spark set a huge amount of hydrogen

gas ablaze. Thirty-five of the passengers died. Under controlled
conditions, hydrogen can be used safely as a fuel.

In science, a fuel is a substance that will undergo a chemical
reaction in which a large amount of useful energy is produced at a
fast but controllable rate. Fuels are the substances we use to produce
heat and/or electricity, and to run engines and motors.

Many fuels consist of compounds of carbon and hydrogen,
which are known as hydrocarbons. When hydrocarbons burn in
unlimited air, carbon dioxide and water are produced. When the air
supply is more limited, which occurs when the combustion happens
in a confined space, carbon monoxide can be produced.

Figure 3.26 The reaction

of hydrogen with oxygen hydrocarbon + excess oxygen — carbon dioxide + water
caused the Hindenburg
airship to explode and burn. hydrocarbon + limited oxygen - carbon monoxide + water
H H H H
|1 !
H—C—C—C—H H—C—H
I !
H H H H
propane methane

Figure 3.27 Household barbecues use LPG, which is Figure 3.28 Bunsen burners use natural gas, which is
mainly propane (C,H,). mainly methane (CH,).

The combustion of fuels is the most important chemical reaction to produce energy for
industry and transport in modern societies. You will cover more about combustion in chapter 4.

“.
-~

Figure 3.29 Oil and gas are hydrocarbon fuels that can be found under the sea floor, and are extracted at
offshore rigs.
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Identify the gas essential for combustion reactions.
Identify the two elements always present in hydrocarbons.

Identify the other two reactants (i.e. besides a metal) that are vital for corrosion
reactions.

Carbon dioxide (CO,) and sulfur dioxide (SO,) are both acidic oxides produced during
combustion of carbon- or sulfur-containing compounds. Explain what you think the ‘di’
in their names relates to.

When carbon dioxide reacts with water, the product is carbonic acid [HZCOB], which is a
weak acid.

a Write a word equation for this reaction.
b Write the chemical equation for the reaction.
Estimate the pH of a solution of carbonic acid.

d Carbonic acid reacts with metals to produce carbonates. Identify the carbonate that
would be produced when zinc from galvanised iron reacts with carbonic acid in rain.

When sulfur dioxide reacts with water vapour, it produces an acidic solution. Would you
expect this to accelerate metal corrosion? Explain your answer.

There are numerous errors in the equations below, including incorrect balancing and
incorrect products. Rewrite the equations correctly.

a C,H,+60,->4C0,+3H,0
b CH,+50,->5C0,+6H,

5 12
Ethene gas, C,H,, is the gas from which polyethene (a type of plastic sometimes called
polyethylene) is produced. The trouble is that it is highly flammable. Set out the steps
for writing a balanced equation for the combustion of ethene in excess air.

People sometimes describe corrosion as ‘rusting away to nothing’. From a scientific
perspective, discuss the correctness of this statement.

The fuels used in cars, trucks and buses are generally liquefied petroleum gas (LPG),
petrol or diesel. These fuels are mainly hydrocarbons.

a Predict the main two substances present in vehicle exhaust gases.

b Explain why scientists are warning that excessive use of these vehicles is
contributing to the enhanced greenhouse effect.

129



DISPLACEMENT AND DECOMPOSITION

REACTIONS

Some reactions are classified, not according to their specific reactants, but according to how the
reactants interact.

Displacement and precipitation reactions

When salts dissolve in water, the ionic bonds between the metal and non-metal parts of the salt
are broken down and the positively charged ion (cation) and negatively charged ion (anion) are
released. Sometimes, when separate solutions of two soluble salts are mixed, ion pairings are
swapped and one or more insoluble salts are produced. This swapping of ions in the compounds is
called displacement and can be generalised as:

AB+CD—>AD+CB

Sometimes one of the new salts formed is insoluble. Insoluble salts that are heavier than their

Figure 3.30 A solution of
lead nitrate mixed with solution ‘fall out’ of solution; fine particles appear and settle at the bottom of the solution. This is

a solution of potassium called precipitation, the solid particles that form are called the precipitate and the reaction that
iodide produces a yellow

precipitate of lead iodide. made the insoluble salt is a precipitation reaction.

Lead salts are toxic. If a water supply contains lead, this is a big problem. A simple test for lead
in the water supply is a precipitation reaction test (see Figure 3.30).

To observe a precipitation reaction and determine whether it is described by the law of
conservation of mass.

Read the aim and method, and write a hypothesis for this experiment as an If ... then ...’

statement.
e Balance e |ead nitrate solution
e 2 small beakers (150 mL) e Thermometer

e Sodium iodide solution

> The chemicals involved in the experiment are dangerous so wear gloves and
safety glasses at all times. Clean up any spills immediately and notify your teacher.

WARNING

1 Add sodium iodide to one beaker and add lead nitrate solution to the other beaker, both
to a depth of around 2 cm.

Measure the temperature of each solution and record it.
Accurately weigh each beaker with solution and record its mass.

Add the contents of the sodium iodide solution to the lead nitrate solution, taking care
not to spill any liquid. If a spill occurs, clean it up with paper towel and dispose of the
paper towel immediately.

5 Note any change that occurs in the mixed solution.
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Measure and record the temperature of the combined solutions.

Reweigh the empty beaker accurately.

Add the mass of both beakers and solutions before reaction, and then compare the total
mass to that of both beakers and the solutions after reaction.

Record your observations in an appropriate format.

1 What observations did you make that suggested a chemical reaction had taken place?

2 Was the temperature of the solutions before reaction the same as the temperature of
the reactions immediately after reaction? Was it higher or lower? If the temperature of
the solution increased, then energy was released by the reaction. If the temperature
fell, then energy was absorbed during the reaction. This energy change is the result of
breaking or forming new bonds between particles.

Was your hypothesis supported or not supported? Was the law of conservation supported
by this reaction? Was energy produced or absorbed?

Decomposition reactions

In decomposition, the atoms of a compound
are separated to form two or more products.
The reaction can be generalised as:

AB>A+B
Decomposition reactions are important in

the industrial smelting of metal sulfide ores
and metal oxide ores. For example, copper

To observe a decomposition reaction and determine whether the law of conservation of

mass has been obeyed in the reaction.

sulfide, when roasted at high temperatures, will
produce copper metal and release sulfur dioxide
gas as the sulfur reacts with oxygen from the
atmosphere.

When water undergoes electrolysis (the
breaking of chemical bonds using an electric
current), it produces hydrogen gas and
oxygen gas. Similarly, when aluminium oxide
undergoes electrolysis, it produces aluminium
metal and oxygen.

Figure 3.31 Copper
sulfide decomposes when
it is heated strongly.

Write a hypothesis about what you think will happen as an ‘If ... then ..." statement.

WARNING

e Balance

e Large test tube

e Test tube holder
e Copper carbonate

> This experiment involves strong heating. Read through the method carefully,
considering any foreseeable risks. Take steps for their prevention.

¢ Limewater

e Bunsen burner
e Balloon

e Gasjar

1 Weigh a test tube and record its mass. Add about 2 g of copper carbonate to the test
tube and record its mass. Calculate the mass of copper carbonate by finding the

difference in the masses.
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Collapse a balloon and fit it over the neck of the test tube.

3 Accurately weigh the test tube, balloon and copper carbonate. This is the system mass
before decomposition.

4 Heat the copper carbonate in the test tube. Take care not to heat the opening of the test
tube so that the balloon bursts, melts or catches on fire. Note any changes in colour of
the copper carbonate you observe. If it turns black, you have produced copper oxide.
Note what happens to the balloon.

5 Accurately weigh the test tube with the products and the balloon, then record their
masses. This is the system mass after the decomposition reaction.

Compare the system mass before decomposition and after decomposition.
Pour limewater into a gas jar to a depth of about 2 cm.

Pinch the balloon and remove it from the test tube, then pour the gas inside into your
gas jar and limewater. Immediately put the gas jar lid on and gently swirl the limewater
in the jar, noting what happens. If the limewater turns milky, it suggests that carbon
dioxide gas was produced in the reaction.

Record your observations in an appropriate format.

Identify the reactant in this experiment.
Identify the products of this decomposition reaction.

Write a word equation for the decomposition reaction you observed.

N WO N =

Was mass conserved in this experiment? How can you tell?

e Was your hypothesis supported or not supported by your observations? Justify your
answer based on the results of this experiment.

¢ |dentify whether the law of conservation of mass was obeyed.

e Outline how this experiment might be improved.

1 Identify the most important property that determines whether or not a precipitate will
form from the mixing of two soluble solutions.

2 Describe the characteristic features of a displacement reaction.

3 Describe the characteristic features of a decomposition reaction.

4 Some ores of zinc are carbonates. Outline one way to extract the zinc from these ores.

132 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



CLASSIFYING CHEMICAL
REACTIONS

Remember and understand

1

Identify whether the following statements

are true or false. Rewrite the false

statements to make them true. [4 marks]

a Reactants are made in chemical
reactions.

b Oxygenis a fuel.

¢ Hydrocarbons require oxygen to burn.

Sulfur dioxide will dissolve in water to
form an alkali.
Identify the products when methane
burns in an excess supply of oxygen.
[2 marks]
Write down the chemical formula of:

a carbon dioxide [1 mark]

b carbon monoxide [1 mark]

¢ sulfurtrioxide. [1 mark]

Identify whether the chemicals in
question 3 are acidic or basic substances.
Explain how you know. [4 marks]

Apply

5

Consider the following equation:

potassium hydroxide + sulfuric acid >
potassium sulfate + water
a Identify the reactants and the
products in this reaction. [2 marks]
b Identify the type of reaction. [1 mark]
¢ Identify what you could add to the
reaction mixture to show whether all
of the acid has been used up in the
reaction. [1 mark]
‘You should never drink orange juice
because it contains acid.” Evaluate the
accuracy of this statement. [2 marks]
Consider the following chemical
reactions.

a Carbon in brown coal reacts with
oxygen in the air to form carbon
dioxide.

b Carbon dioxide dissolves in water
(containing universal indicator) to
form a solution of carbonic acid
(H,CO,).

For each reaction:

i describe the expected observation
of the reaction [3 marks]

i write the word equation [2 marks]

iii write a balanced chemical
equation. [2 marks]

Critical and creative thinking

8 Some insect stings are acidic and some

alkaline; however, it might not always be
possible to know what insect caused the
bite. Imagine you are asked to design a
treatment that would reduce the pain of
all insect stings. ldentify the chemicals
it would need to contain. Suggest a short
descriptive name for your product that
identifies how the product works. Present
your ideas in the form of an information
pamphlet or an advertisement for your
‘anti-sting’ treatment. [4 marks]

Research

9 Research ways that are used to restore

or prevent the corrosion of objects.
[5 marks]

10 Investigate the activity series of metals.

What is it? What does the order of the
metals mean? Which metals are high on
the list? Which are low? Compare this list
to the galvanic series of metals. [5 marks]

L
CHECKPOINT

TOTAL MARKS

[

/40]

3.2 CLASSIFYING CHEMICAL REACTIONS
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Figure 3.32 (a) Strong
acids are dangerous and
corrosive (b) Weak acids
are often found in the

foods we eat.

CHEMICAL REACT

ONS IN LIFE

Chemical reactions are happening all around us, all the time. They affect living

and non-living systems, and involve acids and bases, metals and gases - all

sorts of substances. Some chemical reactions improve our lives, keeping our

bodies healthy, homes clean and food tasting good, while others can harm us.

Understanding these chemical reactions allows us to control some of them, start

others, or use them to our advantage.

USING ACIDS AND BASES

A lot of chemical reactions that take place
naturally and spontaneously involve acids

and bases. Acids and bases are important in
our everyday lives; they are found within our
bodies, in foodstuffs, in cleaning products and
in a range of industrial applications.

Acids

You have seen that acids are a group of
chemicals with similar properties. Strong
acids are dangerous because they are corrosive
and can cause severe burns, even when they
have been diluted. Weak acids are much less
reactive and many are in the foods we eat, and
in drinks, such as lemonade. Even so, many of
them are corrosive and can cause bad burns
when in concentrated form.

We use acids for many purposes. For
example, sulfuric acid is used extensively in
industry and to make other acids. It is used
in car batteries and to clean oxide layers off
metals before they are plated with other metals.
Nitric acid is used to manufacture fertilisers,
plastics, dyes and explosives. Hydrochloric acid
is used to clean metals, bricks and tiles.

Phosphoric acid (H,PO,) is an ingredient
of some cola drinks, but its main industrial use
is in the production of fertilisers. It is also used
as a rust remover or rust converter. Only a very
small amount of phosphoric acid is added to cola
drinks, so the concentration of the acid in these
drinks is very low. Small amounts of phosphoric
acid are enough to give the drinks a distinctive
tangy taste. The acid also acts as a preservative by
preventing the growth of microorganisms.

Bases

Bases have many uses. They react with fats

and oils to produce soaps. Some bases, such as
ammonia solution, are used in cleaning agents.
One that is very effective is household cloudy
ammonia. Sodium hydroxide is used in the
manufacture of soap and paper. It is also used
in drain cleaner and oven cleaner. Calcium

hydroxide is used to make plaster and mortar.

Figure 3.33 Many cleaning products are alkaline
solutions (bases).

Figure 3.34 Sodium hydroxide, a base, is used to
make soap.
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Table 3.5 Examples of common acids and bases.

Hydrochloric acid HCL Sodium hydroxide NaOH

Nitric acid HNO, Potassium hydroxide KOH

Sulfuric acid H,S0, Barium hydroxide Ba(OH),

Ethanoic acid CH,COCH Ammonia NH,

Carbonic acid H,CO, Sodium carbonate Na,C0,

Phosphoric acid H,PO, Calcium carbonate CaCo,
A C | d S an d b ases | n hydrochloric acid is neutralised. The next stage

. . of digestion, the breakdown of fats, happens in

d | g eSt on a basic environment.

Have you ever had heartburn? Has somebody in
your family complained of having indigestion?

One of the causes of that burning feeling is oesophagus (food pipe)

gastric reflux, a failure of the ring muscle at the

top of the stomach to keep gastric acids where

they belong, in the stomach. stomach
Gastric acid is mostly hydrochloric acid

(HCl), potassium chloride (KCl) and sodium

chloride (NaCl). It has a pH of 1.4-3.5. The

hydrochloric acid has several important jobs,

ring of muscle (sphincter)

including reducing the number of bacteria in
the food, and dissolving leftover nutrients.
The main role of the stomach is to digest
proteins. In the acidic environment produced
by gastric acid, a substance called pepsin digests stomach acid small infesting
most proteins. After spending some time in the
stomach, food is mixed by muscle contractions

and the gastric juices, turning it into chyme. Figure 3.35 The ring of muscle at the top of the
stomach works to keep gastric acid in the stomach.

A burning feeling in the chest can result when the
push chyme into the small intestine where the muscle doesn’t work as it should.

ACTIVITY 3.3.1: INVESTIGATING ACIDS

1 Choose one strong acid and one weak acid from Table 3.5.

Muscle contractions lower in the stomach

2 Find out about some of the key uses of the two acids and describe examples of their
use, if possible using situations that affect your own life.

3 Explain how the strength of the acids influences what they are used for, and how they
need to be handled by the people using them.

4 Find out the difference between the strength of an acid or a base and its concentration.
Draw a diagram to explain your findings.

5 Present your information as an informative pamphlet, a comparative graphic organiser
or some other appropriate format.
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DEEPER o
Tt e /\cidic oceans

Rising carbon dioxide levels in the atmosphere have caused the oceans to become acidic.
Our oceans are a major carbon ‘sink” and absorb much of the carbon dioxide (CO,) in the
atmosphere. When carbon dioxide dissolves in water, it forms carbonic acid [H2C03]. Before
the Industrial Revolution, the oceans were in equilibrium with the atmosphere, absorbing as
much carbon dioxide as they released.

Since the beginning of the Industrial Revolution, carbon dioxide levels have increased
in our atmosphere due to large-scale burning of fossil fuels and industrial processes in
which carbon dioxide is produced (e.g. the production of steel, aluminium and cement].

The oceans have responded by absorbing more carbon dioxide, thus increasing their

acidity. Scientists estimate that the oceans now absorb 30 million tonnes of carbon
dioxide every day.

As the oceans become increasingly acidic, the effect on marine ecosystems is
devastating.

Coral reef ecosystems rival rainforests in terms of the huge diversity of species present.
They also help protect coastlines from erosion. But coral reefs across the world are now
under threat. One problem is that the coral itself is built up from calcium carbonate (CaCO,),

Figure 3.36 Coral reefs
are made of the weak
base calcium carbonate, which is a weak base. This reacts with the weakly acidic seawater, causing the calcium

which dissolves in acid. carbonate to slowly dissolve and crumble.

The ability of molluscs, such as sea snails, to produce adequate protective shells, which are
also made from calcium carbonate, is also greatly affected. The lower pH of the water affects
many species of marine organisms that reproduce by ejecting their sperm and eggs into the
water. If the number of successfully fertilised eggs decreases and some of these species die
out, this will affect the entire food chain and hence the diversity of species that can survive.

QUESTIONS 3.3.1: USING ACIDS AND BASES

Remember

1 Describe the difference between an acid and a base.
2 Identify which acid and/or base you would be likely to find in:
a cleaning products
b alcoholic drinks
¢ insect stings.
3 Identify the major cause of the increase in acidity of the oceans.

4 Describe how pH changes as the acidity of the oceans increases.

Apply

5 Outline why acids used in foods are always weak acids.

6 Part of the human digestive system in the mouth treats food with saliva, which is basic.
The stomach then produces acids, including the strong acid hydrochloric acid, to mix
with the food. The small intestine adds basic chemicals to the chyme it receives from
the stomach. At both ends of the stomach, a biological valve called a sphincter stops
excessive amounts of liquids travelling back along the digestive tract. Outline how these
changes in the type of chemicals are important for health and well-being.

7 Plants growing in soils that are too acidic have difficulty in taking up nutrients. Adding a
small amount of lime to the soil is one suggested solution. Describe the nature of lime
and identify why it works.

136 OXFORD INSIGHT SCIENCE 10 AUSTRALIAN CURRICULUM FOR NSW STAGE 5



CELLULAR REACTIONS

Two chemical reactions essential to life are respiration and photosynthesis. The interdependence
of these reactions maintains a balance of carbon dioxide and oxygen in ecosystems.

Chemistry of respiration

During respiration, energy stored in the chemical bonds of fuel molecules is changed to a usable { &
form of energy. The fuel is usually a carbohydrate such as glucose (C,H,,0,); however, fats and
proteins can also be used. The fuel molecule is converted in a series of steps into a chemical called %
adenosine triphosphate (ATP), which is essential for cell function. This molecule is the biological .
energy-storage molecule. ATP then undergoes other reactions that release energy as required. ~
When enough oxygen is present, aerobic respiration occurs in plant and animal cells. The
word and chemical equations are:
glucose + oxygen = carbon dioxide + water + energy (stored in an ATP molecule) -
Figure 3.37 Glucose is
C6H1206 + 602 -> 6(302 + 6H20 + ATP the most common source
of energy in aerobic
When you exercise strenuously, your muscle cells don’t have enough oxygen for aerobic respiration.

respiration. The cells quickly produce energy anaerobically (without oxygen) and make lactic acid
(C,H,0,) as a waste product. The build-up of lactic acid is thought to make your muscles feel sore
and causes you to breathe very heavily. The word and chemical equations for the overall reaction
are:

glucose - lactic acid + energy

CH,0, > 2C,H,0, + energy

6 12

Some organisms are capable of anaerobic respiration. This is known as fermentation and
produces alcohol. The word and chemical equations are:

glucose - ethanol + carbon dioxide + energy

C,H,,0, > 2C,H.,OH + 2CO, + energy Figure 3.38 The
fermentation of yeast is

Some organisms, such as certain types of bacteria, survive on anaerobic respiration alone. what causes bread to rise
and produces the alcohol
in beer.

Limewater is a saturated solution of calcium hydroxide
(CalOH),).
What you need: limewater, large test tube, straw

1 Pour<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>