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LEARNING DISCOVERY

NEBULA

This cover image is a photo of the Rosette
Nebula. Itis a large cloud of hydrogen, sulfur and
oxygen gas, located near the constellation of
Monoceros in the Milky Way. It is approximately
5200 light years from Earth.

This particular nebula is a star-forming region.
You can see a cluster of young, bright stars at its
centre. Stars form in nebulas when clouds of dust
and gas are pulled together by gravity. It takes
around 50 million years for a star like our Sun

to form.

Australian Curriculum




Country/Place

Spaces mapped out that individuals or groups of First
Nations Peoples of Australia occupy and regard as their
own and that have varying degrees of spirituality. These
spaces include lands, waters and sky.

Cultural narrative

Abroadtermthatencompasses any cultural expression that
includes (but is not limited to) knowledge and community
values that are central to the identity of a particular group
of First Nations Peoples.

Cultural narratives can hold information about almost
anything, such as the origins of life, or can teach people about
acceptable behaviour and rules, such as caring for Country.

They can take the form of songs, stories, visual arts or
performances. ‘Cultural narrative’ is a more accurate and
respectful term than ‘myth’, ‘story’ or ‘fable’; terms that
often diminish their importance.

First Nations Australians

‘First’ refers to the many nations/cultures who were in
Australia before British colonisation. This a collective
term that refers to all Aboriginal Peoples and Torres Strait
Islander Peoples. The term ‘Indigenous Australians’ is
also used to refer to First Nations Australians.

Nation

A self-governed community of people based on a common
language, culture and territory.

Peoples and Nations

We use the plural for these terms because First Nations
Australians do not belong to one nation/culture. There
are many distinct Peoples and Nations. Also, some
Nations consist of distinct clans or groups, so are
referred to as Peoples.
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Nelson Science 10
caters to all learners

developed a Science Learning
Progression Framework,

for Nelson's Science 7-10
series. An editable version is
available on Nelson MindTap.

Assess
Allocate and grade
assessments using our
differentiated end-of-topic
tests and summative
portfolio assessment
tasks in Nelson MindTap.

-
-

+¢Nelson MindTap

A fl xible and easy-to-use online learning space that provides students

Reinforce

Nelson Cengage has Nelson MindTap
9ag provides a wealth of

differentiated activities

SO ) and resources to meet the
which is the foundation needs of all students.

with engaging, tailored learning experiences.

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

For students:

® Short, engaging videos with fun quizzes that bring
science to life.

Interactive activities, simulations and animations
that help you develop your science skills and
knowledge.

Content, feedback and support that you can access
as you need it, which allows you to take control of
your own learning.

9780170472821

Evaluate prior
knowledge

Students complete a
quiz to test their prior
knowledge.

nelson
science. i

Nelson Engage
MlndTap Each chapter showcases

fascinating, real-world science
in action, while our hands-on
activities, short videos and
fun interactives keep
students engaged.

Practise

Our differentiated,
scaffolded activities
and investigations
allow all learners to
build essential skills
and knowledge.

«l
(4
¢‘.

Video activity
Cells

For teachers:

100% modular, fl xible courses let you adapt the
content to your students’ needs.

Differentiated activities and assessments can be
assigned directly to the student, or the whole class.

You can monitor progress using assessment tools like
Gradebook and Reports.

Integrate content and assessments directly within
your school’s LMS.

Learning Ecosystem ix



How to use this book

Nelson Science 10 has three
digital-only chapters available
on Nelson MindTap. These
chapters are designed to
extend students and help
prepare them for Year 11
Biology, Chemistry and
Physics.

Learning modules:
Content is chunked
into key concepts for
effective teaching and
learning.

Learning objectives:
Clear, concise
objectives give you
oversight of what you
are learning and set
you up for success.

Key words: These are
defined the first time
they appear.
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e Acid and metal hydroxide reactions

weor =
—aamie . the metal

Big science, real context: The opening page
begins the chapter by placing the science
topic into a real-life context that is both
interesting and relevant to students’ lives.

BIG SCIENCE CHALLENGE #7

BIG SCIENCE CHALLENGE PROJECT (E24

19605,
anded i 1971. A of 2021, ther are two Unied Staes rovers and one

amospher
‘which has one ey objecte (of mary) o searchfor signs of ancient
sl

the same princples of motion that apply here on Eart,
» What do you already know about rockets and how they travel?

» How does a rackets motion change when it close to Earth
‘comparedto when tis far away?

ocket anda to rocket launched from the ground with  firework?

Videos

Think, do, communicate: You are
encouraged to reflect on and apply your
learning to a set of activities, which allows
you to make meaningful connections with e
the content and skills you have just learned.

Predicting the products of neutralisation reactions °

the metal from

et byroxdes. 1so.

Find the genral

eactions?

Neutralisation reactions
h : The acid

Hor betwieen 7and 14 s bsic + Setup o test tubes

acid + base —»salt + water

- Careully pour the conents of Test ube 2.

Into Test tube 1 a few drops at  time,unt it
is allransferred

he eactants 9 el vlution and e or purple m b
Soitons.

products
b How do he colours show hat

neualsaton has occured?
¢ Wite s word equaton o represent i reaction

[ comnc crecr

1
ydronides:
 Hydrochiorc acid and calcum hydroxde.
b Suluric acid and auminium bydroxide
& Carbonic acid and 2 hydroxide
& Nivic acd and sodium hydroxide

ot thataetoo s conto the pH of wimming pocs

What is a metal hydroxide?

) 2 Research
5 Bamples MO, and sod another common us of nealeaton reactions i veryday e
hydroxide, NaOH.
Nason Scanca 10 | Autolan Curicsom e - Crapera | Chmcotrscions 161

Learning check: These are engaging activities to check
your understanding. Activities are presented in order of
increasing complexity to help you confidently achieve the
module’s learning objectives. Bolded cognitive verbs help
you clearly identify what is required of you. Activities are
presented in order of increasing complexity.

9780170472821



FIRST NATIONS

X X X conTexts
First Nations Australians

use of chemical reactions to
produce a range of products

Fermentation of plant products

s -

Science as a Human Endeavour: Elaborations PO
are explicitly addressed with interesting, ot ca gt podeed o e

contemporary content and activities. B coning e s skl ke
T

First Nations science BoBow. Na et e B

e

contexts: This content was (s Figre 411.1)

It has been suggested that Noongar People

science developed in consultation o fermented toxic Macrozami seds,

AS A HUMAN

N
BN —
EneavouR

How can we solve the plastic with a First Nations oo g T
problem? Australian curriculum o .h.blpmm,wfm?,;

SENSISE . ity we e devep methods o diposl ndrskdewn o i specialist. It showcases the comsumpion.Uniquly.in s eon some
T L s i b
n ) key Aboriginal and Torres R
How big is the plastic . . Detoxification of cycads
problem? Strait Islander History Intherpars of Ausclsplsonous xcads
1n 2020, more than 350 million tonnes of plastics ‘were detoxified by many different First Nations

el roand the wol Dol s and Cultural Elaborations, el g chemcl roceses ot han

A FIGURE 4112 Macrozamis cone with
1 teeyce plastics, es than 205 of waste plasti s fermentation to produce an edible product. i covered seeds

e with authentic, engaging

ok et o oo sers o sk o and culturally appropriate

A FIGURE 4121 The Great Pacifc Garbage Patch s X .
e oy vl ol st of e r“‘l'a; can microbes do to science content. 172 Nelson Scince 10 | Avstalan Currcum s
elp?
Ee In 2016,

bacteria (deonella PET plastics. PET, or p
terephthalate, is a long-chain polymer made of many smaller monomers,

Scientists discovered that the bacteria produces a type of enzyme called PETase thatis
PET, E

proeins that cause specific esctions o occur: The
monomers were then futher roken down by the
eneymes o release energy and help the bacera grov: Soaking the cycad seds i water hydrolyses th toxin,cycain, 50 that
Studies are currntly underway o mprove the broken. Thisa

effciency of the bacteria, o they can be used as component (o be washed away. Under normal conditions, his reaction

amethod of helping o break down PET plastics. p However, historical First

Other scientiss are working on using other bacteria Nations Peaples of the rainforest region in North Queensland increased
o break down different types of plastics the rate of

area, so more of the seeds were exposed to the action of hydrolysis. This
also ensured that allof the cycad seed material was exposed to the action

s ok o Y s i ofhydrolysis. The raction wasallawed o proceed n special baketsfor

sufficient Bt esulted

in an abundant food resource that was saf to ext. Figure 4113showsa - AHE
sed by First Nations Peoples of North

eoples of Tuly,

A chemical changes sele PR
: o Activities: Activities

process toxc food products and make therm edible.

1 s oo are open-ended

e o st and often hands
e e on, helping you
i e I understand the

pors o connections between
o e First Nations cultures
and histories and

Science skills in focus: Each chapter focuses Dters science.

on a specific science investigation skill. This is ¢ iy s i

explained and modelled with our Science skills in a et

minute animation, before you put it into practice in a e S e

science investigation. The science skill is reinforced e

with our Science skills in practice digital activities.

Austzalans in processing foods?

fr— Crapterd | e eacions 173
z 2 Qualitative observations
SCIENCE e e
e o ATons 5 @ versus quantitative
measurements
METHOD EXPERIMENT 2: METAL

DISPLACEMENT REACTIONS

Qualtative observations are usually affected by 1 Place two heaped spatulas of copper carbonate

subjectiviy.Consider  colour change occurring. Ifyou PoWder ito a side arm test tube and clamp the (o )

» gathering and organising qualitative 2k soveral people 1o abaerve a colour change here st tube toaretor stand.

observations and quantitative will often be different opinions. When colours 2 131,

measurements about chemical are i between’ clear olours,such as a colour v andron

reactions between yellow and orange, the judgement s ‘submerged in the imewater (calcium hycroxide)
» describing how making observations subjecive. For example,this colour might be seen as (mareriacs )

and takin " v orenge by another person  testtubes and testtube rack

information about the products formed ‘This may lead to an incorrect positive identification o lesof "

emical reactions of a reaction, or misidentification of a product if the ‘samples of magnesium, zinc, copper and iron

etor om 1 sandpaper o clean the metals

& solutions of magnesium nitrate, zinc itrate,

» writing word equations for chemical observations are subjective.

Testube
equipment is not read or used correctly. To avold withcopper copper nirate and fon nitrate:
Quaitative observations are any observations. e sy ke hoo 1o vme the carbonate
ith your o 8 - (meTHOD
‘experiment This could be sight, smell, touch or Retortstana

‘hearing. These might include: EXPERIMENT 1: DECOMPOSITION OF
e e e ey sl ke e et oo b ot ;
e or ot CARBON DIOXIDE four difrenet s o mtl ot e and reinforce good

+ bubbles forming Cover each metal with about 2-3 cm of

L | B scientific method through

Quanttatve measurements re any 3 Lont and gently heat he Repeat steps 2 and 3 using i the metals and the

e e hocon bemessred) ” 5 nirate, and thenagain |t-for-purpose, hands-on
(arerias

This mightinclude quantes such a5 mass or RESULTS withiron nitate.

e e b v et R —— e ——— science investigations.

e rate of reaction s an example where. & rubberor plastic hose
et i o . making notes.

RS Brrrrrermmm—— Investigations: Practise

H » the esuts of
each metal with eachsolton. You esuts should

You'to calculate the rate of reaction in an & matches EVALUATION o

experiment & copper carbonate powder 1 What did you observe that ndicated a gas formed

Therear iso many expermentswhere 5 & spatia inthi reacton? (Evacvarion

impossile o cllect quaniatvedata. For 5

i e et o i oo ke e 2 Write a word equation for this reaction, 1 Explain, using a word equation from the results,

qualitative observations alone. Examples of this. 3 The limewater test detects the presence of carbon whether this experiment is demonstrating single

incude precitation and metal dispacement doid o

teactions. nthese experiments, thre s nthing 2

o measure. You are only determining whethr present accured in this experiment

areaction occurred or not This can be seen

ribepi sifisoariprig bbbt 4 Explain whether the observations made n this 3 Use theresults to rank the metalsfrom most to
e o oservation such as ol ‘experiment are qualitative or quantitative. ive. Justify your rankir
precipitate forming, periment are qualtative or quantiat least reactve. Jusify your ankings.
Thers are potantial probleme with both 5 dentiy o bsenvatons you made i his 4 Describe any ssues you had n deciding whether a
waltative and quantitative measurements.
qualtative and quantiat : e
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A FIGURE 1.0 ldentical twins
Have you ever wondered why you look more like one parent than the other?

Perhaps you have already heard of genetic screening and genetic counselling

that prospective parents may go to before they start having children.

. . . SCIENCE CHALLENGE
You may already know the terms ‘cloning’ and ‘genetically modified’. ACCEPTED!

All these questions and issues link back to the field of genetics: a branch
of biological science concerned with inheritance and variety in living things.

» What do you think are the advantages of understanding more about
your genes?

What is your opinion on changing genes to produce a particular
characteristic? Or to make a product that can help treat a disease?

If you could ‘cure’ cancer through gene editing, do you think this
would be a medical breakthrough?

Assessments Science skills resources

® Prior knowledge quiz ® Science skills in practice: Modelling DNA (1:12)

® Chapter review questions ® Extra science investigations: Karyograms (1.2);

e End-of-chapter test Modelling mitosis (1.3); Inheritance and chance (1.5)
® Portfolio assessment task: Research project Interactive resources

Videos ® |abel: DNA molecule (1.1); Chromosomes (1.2);

Phases of mitosis (1.3); Meiosis | and Il (1.4);
Pedigree charts (1.8)

® Drag and drop: Punnett squares (1.7)

® Science skills in a minute: Modelling DNA (1:12)
® Video activities: What is DNA? (1.1); Inheritance (1.4);

Mendel and inheritance (1.5); Sex determination (1.6);
Cancer and genetics (1.9); Rosalind Franklin (1.11)

) : To access these resources and many more, visit:
4 A

“iv Nelson MlndTap cengage.com.au/nelsonmindtap

Chapter 1 | Genetics 3



@ The structure of DNA

BY THE END OF

v .
THIS MODULE, YOU describe the structure of DNA
WILL BE ABLE TO: v label the key components of DNA (sugar, phosphate, nitrogenous base, nucleotide and
hydrogen bond)
v define ‘nucleotide’, ‘nitrogenous base’ and ‘hydrogen bond’
v list the nitrogenous bases in DNA and their complementary base pairs.

«l GET THINKING
P

| 4
Did you know you have two metres of DNA in each of your cells? Could you calculate the
‘xﬁ:: i:"g;q"g total length of DNA found in your entire body?

Interactive resource

Label: DNA molecule Wh at iS D N A?

deoxyribonucleic acid DNA stands for deoxyribonucleic acid. It is a complex molecule made up of two chains
g:: eTgliiZilfht: ot coiled together, like a twisted ladder. It was successfully described in 1953 by two
fharacaeristics of most scientists, James Watson and Francis Crick, who determined its shape using an X-ray

g thi

Wmlg 'Ings diffraction image of DNA taken by Raymond Gosling, working under the supervision of
molecuie

a group of atoms bonded Rosalind Franklin. The image, named Photo 51, showed a clear cross in the centre (see
together Figure 1.1.1). This indicated to Watson and Crick that a DNA molecule has a double helix
double helix ;

the shape of DNA, similar shape (see Figure 1.1.2).
o atwisted ladder Despite the great diversity shown in all living things, the basic structure of DNA is the

same in the cells of living things and can be shown as a simple model.
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A FIGURE 114 (a) Rosalind Franklin; (b) Photo 51 displaying the centre cross,
indicating a helix shape

Adapted from https://www.genome.gov/genetics-glossary/Double-Helix

A FIGURE11.2  The double helix shape of DNA
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The structure of DNA

DNA’s double helix consists of two strands that twist around each other. Each strand
is made from alternating sugars (deoxyribose sugars) and phosphate groups, with a
nitrogenous base attached to each sugar molecule.

A nucleotide is a repeating unit in the DNA molecule. We often refer to nucleotides
as the building blocks of DNA. Each nucleotide consists of a deoxyribose sugar, a
phosphate group and a nitrogenous base, as

Nitrogenous shown in Figure 1.1.3.

Phosphate base You can think of a DNA molecule as a
P ladder; the alternating sugar—-phosphate

\ / molecules form the side rails, and the
nitrogenous bases form the rungs. Each

nucleotide is attached to the one before
and the one after it, creating a long chain
that is the DNA molecule. This is shown in
Figure 1.1.4.

Deoxyribose sugar

A FIGURE11.3  The three components of
nucleotides
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Adapted from https://www?2.nau.edu/Irm22/lessons/dna_notes/dna_notes.html
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A FIGURE11.4 DNA as a ladder and twisted into the double
helix shape

The four bases of DNA

There are four nitrogenous bases, adenine (A), thymine (T), guanine (G) and cytosine (C).
The sequence of these bases forms the genetic code, as shown in Figure 1.1.4.

In the late 1940s, the scientist Erwin Chargaff observed that DNA contained equal
amounts of adenine and thymine and equal amounts of cytosine and guanine.

Chapter 1 | Genetics

deoxyribose sugar
one of the components of
a nucleotide in DNA

phosphate group
one of the components of
a nucleotide in DNA

nitrogenous base

a base that contains
nitrogen: adenine (A);
thymine (T); cytosine (C)
and guanine (G)

nucleotide
the building block of DNA

genetic code

the sequence of
nitrogen-rich bases in an
organism’s DNA




&Y Chargaff's rule

Chargaff’s observation provided the clue behind how the nitrogenous base pairs form and
led to ‘Chargaff’s rule’. This states that in DNA, there is always an equal quantity of the
bases A and T and the bases G and C.

Hydrogen bonds Eg
Adenine E =
: c-HaN s
5 g <
o_ 0~ 50
o </ \L_S\ EH
0 e) =
0 N \ 0 <
/ °0 6
S
ﬁ
P! ) 5
(O] .- g
e o N 0" o .0 5§
3 kg p=0 <
—<_ .0 ) / <
--=""" Cytosine 0 =
NH - . B
HO  Guanine 2 ©5 e
o
I | || I || I | =
Sugar—phosphate Bases Sugar—phosphate <
backbone backbone ©

A FIGURE11.5 DNA is made up of complementary bases: A and T, and G and C.

hydrogen bond For the two DNA strands to join, hydrogen bonds form between complementary
nggeo: ;tglzccﬂfgs nitrogenous bases. These bonds effectively ‘stick’ the strands together to form the double

helix. Adenine bonds with thymine and uses two hydrogen bonds to join. Cytosine bonds
with guanine and uses three hydrogen bonds to join.

a LEARNING CHECK

1 What does DNA stand for?
2 State the building blocks of DNA.
3 Name the shape of DNA and explain how DNA is like a ladder.

4 Draw a labelled diagram of DNA, including the key components of a deoxyribose sugar,
phosphates, the four nitrogenous bases, a nucleotide and the hydrogen bonds.

Extension

5 If a molecule of DNA is found to have 35% of its bases as guanine, what would the
percentage of thymine be? Explain your answer using Chargaff’s rule.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

v define ‘chromosome’, ‘gene’ and ‘karyotype’
v describe the relationship between chromosomes, genes and DNA.

GET THINKING

The organism with the most chromosomes is the Adder’s tongue fern. This plant has an
amazing 1440 chromosomes per cell! Do you know how many chromosomes humans
have per cell?

What is DNA?

DNA is a molecule found in all living things.
Often called the blueprint of life, DNA holds

the instructions to build proteins, provides the
instructions for the cell’s activities and contributes
to the characteristics of an organism.

How does DNA fit into a cell?

DNA is found in the nuclei of most cells. The
exception is red blood cells, which do not contain
DNA, and many single-celled organisms such as
bacteria, where DNA exists simply within the cell
walls of a central area called a nucleoid. In this
chapter, we’ll be looking at DNA in the nuclei of cells
in multi-celled organisms.

Chromosome

Chromatid

Centromere

When a cell is not dividing and multiplying, DNA

can be found as chromatin and looks like spaghetti

in a bowl. During cell division, DNA condenses and
takes the form of chromosomes. Chromosomes are
thin, thread-like structures of tightly coiled chromatin
found in the nucleus of a cell. They are made of two
chromatids, as shown in Figure 1.2.1.

A FIGURE 1.21

Each chromosome is one long DNA molecule coiled

around proteins called histones. One way to think oD

about chromosomes is like cotton wrapped around

a spool, as shown in Figure 1.2.2. The cotton is the

DNA, and the spool acts as the histone proteins.

This allows the long molecule to take up much less P : .

space in the nucleus and the cell. k.
A FIGURE1.2.2 Chromosomes

consist of DNA wrapped around
histones, a bit like thread wrapped
around a spool.

L)
% .0

Interactive resource
Label:
Chromosomes

Extra science
investigation
Karyograms

Chromatin

DNA coils to form chromosomes made from
two chromatids attached at the centromere.

chromatin
unpackaged DNA found
within the nucleus of a
non-dividing cell

chromosome

a thread-like structure
found in the cell,
composed of DNA

chromatid
one half of a duplicated
chromosome
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The number of chromosomes in a cell varies greatly between different types of
organisms. A higher number of chromosomes doesn’t relate to an organism’s size or
complexity. For example, elephants have 56 chromosomes in their cells, while the Atlas
blue butterfly has between 448 and 452 chromosomes.

How many chromosomes do humans have?

meiosis Your cells have 46 chromosomes; half came from your mother and the other half from
22:: sda']';w”?;%ii?;ig o your father. This combining of chromosomes occurs during a process called meiosis. We

into gametes with halfthe  will look at this in more detail later in Module 1.4.
number of chromosomes

of the parent cell Chromosomes form X-shapes and are visible under a light microscope just before
karyotype . cell division. They can be arranged and numbered from longest to shortest and then

a picture of an organism’s i i
complete set of photographed, forming a karyotype. The karyotype allows doctors to check for serious
chromosomes

abnormalities in the chromosomes.
autosomes
all of the chromosomesin - Of the 46 chromosomes, or 23 pairs, 22 pairs are called autosomes. The final pair are the

a cell, except for the sex . )
chromosomes sex chromosomes. These chromosomes determine the sex of the body you are born with

sex chromosomes and whether you are biologically female or male. Figure 1.2.3 shows a female karyotype
a pair of chromosomes

that determine the sex of i )
an individual and one Y chromosome in the same location.

with two XX chromosomes. Figure 1.2.4 shows a male karyotype, arranged with one X

Getty Images/KATERYNA KON/SCIENCE PHOTO LIBRARY

>
x
<<
o
@
-
o
=
o
T
o
w
O
z
w
o
%)
<@
z
o
¥4
<
z
<
x
-
<
X
=
[
[}
[s)
@
E
>
£
ot
o

A FIGURE1.2.3 A female karyotype with the XX A FIGURE 1.2.4 A male karyotype with the XY
chromosomes circled chromosomes circled
homologous pairs In the karyotype, the chromosomes are arranged in homologous pairs. The

maternal and paternal

chromosomes with chromosomes in each homologous pair have the same genes at the same location. They
Igenes found at the same are the same length and have their centromere located at the same position. Consider
ocation . . .

Figure 1.2.4 showing a male karyotype. The chromosomes are in numbered, homologous
gene i .
a section of DNA that pairs. Note the difference between the X and Y chromosome.
codes for a protein or a . o
certain trait If you were to compare two people’s karyotypes, they are likely to look very similar. So,
centromere how are our differences expressed in our chromosomes?

the pointon a
chromosome where the
two chromatids are joined

8 Nelson Science 10 | Australian Curriculum



Genes and the chromosomes

Genes are the instructions to build a protein. They are sequences of bases within the
DNA and found along the length of the chromosomes, as shown in Figure 1.2.5. Each
chromosome can hold hundreds to thousands of genes.

Chromosome

Nucleus

A FIGURE1.2.5 Each chromosome can have many thousands of genes, which consist of sequences
of bases within DNA.

Genes differ in the sequence and number of nitrogenous bases they contain. The

sequence of bases is the genetic code. The proteins created from the instructions in

the genes are needed to complete cell activities and produce the cell and organism’s

characteristics.

@ LEARNING CHECK

Define ‘genetic code’.

Define ‘chromosome’ and ‘chromatin’.

Describe how DNA is packaged into a cell’s nucleus.

Explain why DNA is sometimes called the ‘blueprint of life".
Explain how a karyotype can identify chromosome abnormalities.

N A h WON =

Compare the structure and function of genes and chromosomes.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Interactive resource
Label: Phases of
mitosis

Extra science
investigation
Modelling mitosis

mitosis

cell division for growth,
replacement and repair of
somatic cells

somatic

relating to the cells that
make up the body other
than the reproductive cells

cell cycle

the series of events that
takes place in a cell as it
grows and divides

interphase
the resting phase of the
cell cycle

describe the cell cycle
list the stages of mitosis
recognise the stages of mitosis

GET THINKING

The cells in your stomach lining have an average life span of 3 days. However, the cells in
your brain have an average life span of more than 80 years! Do you know the name of the
process organisms undergo to repair and replace cells?

Mitosis

Imagine if every time you cut your finger or broke a bone, your body could not repair
itself. Mitosis is an important process that takes place in the nucleus and drives the
growth, repair and replacement of cells. Mitosis occurs in all somatic cells of organisms.

The cell cycle

Each cell in your body is at some point along its cell cycle (see Figure 1.3.1). This is a

recall the importance of mitosis for growth and repair.

series of events that allows your cells to perform normal cellular functions and prepare

for cell division.

The cell cycle can be broken down
into two major phases: interphase
and mitosis. During interphase,
the cell grows and functions
normally (G1 phase). Cells spend
most of their time in interphase.
In this stage, the DNA can be
found as chromatin, unwound

in the nucleus. Throughout the

S phase, the DNA is duplicated
and then condensed or folded
into chromosomes containing two
identical chromatids.

10 Nelson Science 10 | Australian Curriculum

A FIGURE 1.31

Mitosis

Interphase

The cell cycle

Adapted from https://www.genome.gov/genetics-glossary/Cell-Cycle



Mitosis phases

Mitosis is the process of nuclear division. This process is further broken down into four

successive phases, as shown in Figure 1.3.2.
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Interphase
A FIGURE 1.3.2

Prophase
1st phase

x < >
?}2 cc >>
b - M= - ' / \-
g‘( < >> l l/
Metaphase Anaphase
2nd phase 3rd phase

Prophase is the first phase of mitosis. During this phase, the chromosomes duplicate
and condense, forming visible ‘X’ shapes made from identical chromatids, as seen in

Figure 1.3.3. Other important organelles in the cell, the centrioles, also duplicate and
start to move to the opposite poles of the cell. The role of the centrioles is to produce

spindle fibres. The nuclear membrane breaks down during prophase.
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~ e
Chromosome
A FIGURE1.3.3  During prophase, the chromosomes duplicate and
condense.

Telophase and cytokinesis
4th phase

@
®

/ Y °I

The process of mitosis consists of four phases and produces two genetically identical daughter cells.

prophase

the first phase of

cell division, when
chromosomes duplicate
and condense

centrioles
organelles in the cell that
produce spindle fibres

spindle fibres

protein structures

that separate the
chromosomes during cell
division
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metaphase

the second phase of
cell division, when
chromosomes line up
in the centre of the cell

anaphase

the third phase of cell
division, when the
chromosomes are
pulled apart

telophase

the fourth and final phase
of cell division, when the
nucleus re-forms and the
chromosomes unravel

Sister chromatids

A FIGURE 1.3.5
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A FIGURE 1.3.4  During metaphase, chromosomes
line up on the metaphase plate.
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Metaphase is the second phase

of mitosis. During metaphase,

the chromosomes line up on

the equator of the cell along an
imaginary line called the metaphase
plate, as seen in Figure 1.3.4. The
spindle fibres, extending from the
centrioles, attach to the centromeres
of the chromosomes.

Anaphase is the third phase of
mitosis. During anaphase, the
spindle fibres retract, pulling

the chromosomes apart at the
centromeres. This drags the
chromosomes to opposite poles of
the cell, as seen in Figure 1.3.5.

Telophase is the fourth and final
phase of mitosis. During telophase,
the spindle fibres detach, the
nuclear membrane re-forms around
each set of genetic material, and
the cell membrane starts to pinch
inwards, as shown in Figure 1.3.6.
The chromosomes unravel, forming
chromatin that will be encased in
the nucleus of each daughter cell.

4 FIGURE1.3.6 Telophase
is the last phase of
mitosis. The division of
the cytoplasm, known as
cytokinesis, is the final step
of mitosis.



At the completion of telophase, cytokinesis begins. Cytokinesis is the division of the cytokinesis
cytoplasm, resulting in two daughter cells. Each daughter cell has an identical copy of the division of the

cytoplasm after mitosis
the parent DNA and a full complement of paired chromosomes with only one chromatid  gayghter cells

each. This condition is called diploid (2n). The cells are identical due to the DNA the two cells that are
c . . . produced as a result of
replication during interphase. cell division
diploid

the full complement of
DNA, represented as 2n

Shutterstock.com/Ldarin

A FIGURE1.37 Two identical daughter cells are produced by the process of mitosis.

Mitosis is essential in the growth of organisms, the repair of damaged tissue and the
replacement of dead cells in the body.

@ LEARNING CHECK

Recall the five phases of the cell cycle in order.
Explain the role of the centrioles in mitosis.
Define ‘diploid’.

Explain why it is important that all multicellular organisms undergo the process
of mitosis.

W N =

5 Design and make a flip book showing the phases of the cell cycle. Each page should
have the name of the phase and a labelled diagram representing the condition of the cell
during that phase.
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@ Meiosis

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

al
o‘:

Video activity
Inheritance

Interactive resource
Label: Meiosis |
and Il

generation

the time taken for one
individual to produce
offspring

gonads

the sex organs of an
organism; where meiosis
occurs

germline cells
the cells that form the
ovum and the sperm

gametes

the sex cells of a sexually
reproducing organism
zygote

a diploid (2n) cell resulting
from the joining of two
haploid gametes

» FIGURE 1.41
Meiosis

list the stages of meiosis

recognise the stages of meiosis

recall the importance of meiosis to produce cells needed for sexual reproduction
compare and contrast the processes of mitosis and meiosis.

GET THINKING

Human sex cells — sperm and eggs — contain 23 chromosomes. When a sperm and an egg
unite, the resulting cell has 46 chromosomes. What would happen if the sex cells each had
46 chromosomes to start with?

Cell division for reproduction

Mitosis is an essential process in the cell cycle that results in genetically identical
daughter cells needed for growth, replacement and repair. However, many organisms
also need to make cells that can be used in sexual reproduction. As you learned in
Module 1.2, humans have 46 chromosomes in each cell, 23 from the mother and 23 from
the father. Meiosis explains how this is possible and how chromosome numbers are
maintained in a species from one generation to the next.

Where does meiosis occur?

Meiosis occurs in the gonads of sexually reproducing organisms. The gonads contain
germline cells that are responsible for the creation of gametes. In humans, the gonads
are the ovaries (female, which produce ova) and testes (male, which produce sperm).
Gametes are also called sex cells. When the sex cells of a male and a female combine at
fertilisation, the cell they form has the potential to develop into a new individual.

Meiosis is a cell division process that reduces the chromosome number by half so that
when the gametes combine to form a zygote, the correct number of chromosomes are
present. Meiosis also results in variation in the species because it produces sex cells that are
genetically different from each other. The stages of meiosis are depicted in Figure 1.4.1.

E
<
Meiosisil §
Crossing é
DNA replication over Meiosis | -7 N £
S 5
$
__>
$
N@
Gamete
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The phases of meiosis

Meiosis has more phases than mitosis does. In meiosis, the cell replicates its DNA once
but divides twice. Meiosis is divided into two stages: meiosis I and meiosis II.

The parent cell grows during interphase, replicates its DNA and prepares the chromosomes
for cell division. This is similar to mitosis. After interphase, the chromosomes are in their
X-shape, consisting of two sister chromatids. At this stage, the chromatids are genetically
identical.

Meiosis |

The cell progresses into meiosis I, which has four phases - prophase I, metaphase I,
anaphase I and telophase I — as shown in Figure 1.4.2. Cytokinesis occurs at the
completion of telophase I. There is a short interphase before the cell begins meiosis II.

Nuclear Chromosomes Cell eventually divides into
membrane Centriole line up along two after cytokinesis occurs.
disappearing midline of
Pairs of cells.
centrioles ——p
separate . EARRRY Chromosomes
and give 3] b 59@ sl uncoil and
rise to the e 5 become
spindle Cell less visible.
fibres. membrane —=p
Spindle fibre
Homologous P Chromatids separate Nuclebar
chromosomes and move to opposite me%m rane
ends of the cell. re-forms.
Prophase | Metaphase | Anaphase | Telophase | Daughter cells
A FIGURE1.4.2 The phases of meiosis |
During prophase I, the nuclear membrane disappears, the centrioles duplicate and
migrate to the opposite sides of the cell, and the chromosomes are visible in their
X-shape. The chromosomes move into their homologous pairs and crossing over occurs,  crossing over

as shown in Figure 1.4.3.

the exchange of genetic

material between
non-sister chromatids
on homologous
chromosomes

Shutterstock.com/Dee-sign

An A1

Homologous chromosome Chiasma Recombinant chromatids

A FIGURE 1.4.3  The crossing over of non-sister chromatids
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chiasma

the point on the
chromatids where
crossing over occurs

random assortment

the way chromosomes
line up during metaphase |,
resulting in random
combinations of genes

homologous

carrying the same genes
for characteristics at
the same locations on a
chromosome

haploid

having one copy of each
chromosome, represented
asn

In crossing over, the
non-sister chromatids
exchange genetic
material with each
other at a point known
as the chiasma (plural:

Homologous

3rd edition, San Francisco: Pearson. p 275

) . chromosomes
chiasmata). This results can line up in two
in a recombination of ways during

] . metaphase
genetic material and of meiosis I.

is a major source of
genetic variation.

Adapted from Freeman (2008) Biological Science,

During metaphase I,
the chromosomes
line up at the equator
of the cell, and the
spindle fibres attach

?
¢

A FIGURE 1.4.4 Chromosomes line up randomly in metaphase |,
resulting in the recombination of genes in the daughter cells.

to the centromeres.
The chromosomes
line up randomly in a
process called random
assortment, as shown in Figure 1.4.4. This is another source of genetic variation, as the
resulting cells receive different combinations of genes.

During anaphase I, the homologous chromosomes are pulled to the opposite poles of the
cells. The chromatids are not separated at this point, and the chromosomes are not in
homologous pairs. Each chromosome consists of two chromatids.

Telophase I and cytokinesis result in the production of two daughter cells that are
haploid and genetically different. The cell will enter a short interphase; however, DNA
replication does not occur.

Meiosis Il

Meiosis II commences in both daughter cells, starting with prophase II. During this
phase, the centrioles in each cell duplicate and migrate to opposite poles of the cell.
The chromosomes line up at the equator of the cell and the spindle fibres attach to the
centromeres.

Anaphase IT occurs when the spindle fibres contract, and the chromatids are separated
and pulled to the opposite poles of the cells. Telophase II and cytokinesis follow,
resulting in four haploid cells that are genetically different. Each chromosome now
consists of one chromatid. The phases of meiosis II are depicted in Figure 1.4.5.
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Prophase Il Metaphase Il Anaphase Il Telophase Il Daughter cells

A FIGURE 1.4.5 The phases of meiosis Il

Mitosis v. meiosis

Mitosis and meiosis are similar, but key differences in some of the steps and the number
of phases result in very different outcomes. Table 1.4.1 provides a comparison of mitosis
and meiosis.

¥ TABLE 1.41 A comparison of mitosis and meiosis

Characteristic Mitosis Meiosis

Type of cells that use this process Body cell Germline cell

Number of nuclear divisions 1 2

Number of daughter cells produced 2 4

Chromosome number of the parent cell Diploid (2n) Diploid (2n)

Chromosome number of the daughter cells Diploid (2n) Haploid (n)

Involves the separation of homologous chromosomes?  No Yes, during anaphase |

Involves the separation of sister chromatids? Yes, during anaphase | Yes, during anaphase I

Purpose of the process Growth, replacement | Production of haploid
and repair of cells gametes for reproduction

@ LEARNING CHECK

Recall the location where meiosis occurs.

Define ‘haploid'.

Identify two sources of genetic variation due to meiosis and the phases they occur in.
Draw a labelled diagram showing the process of crossing over.

Distinguish between the terms ‘chromosome’ and ‘chromatid’.

O h WON =

Draw a Venn diagram to compare and contrast mitosis and meiosis.
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@ Mendelian inheritance

BY THE END OF

THIS MODULE, YOU
WILL BE ABLE TO:

A FIGURE 1.51
Gregor Mendel

al
o‘:

Video activity
Mendel and
inheritance

Extra science
investigation
Inheritance and
chance

allele
an alternative form
of a gene

dominant allele
the allele that will
be expressed in the
phenotype

purebred
the same alleles for
a given gene; see

homozygous dominant/

recessive

ifessor William Bateson

v define the common terms used in genetics
v recognise dominant and recessive traits
v classify genotypes as homozygous dominant, heterozygous or homozygous recessive.

GET THINKING

Why do you look more like one parent than the other? Why are some characteristics seen in
all your family members, whereas others occur randomly? The answer is genetics!

Mendel: the father of genetics

Gregor Mendel was an Austrian monk who was interested in meteorology, mathematics and
biology (see Figure 1.5.1). His breeding experiments with pea plants (Pisum sativum) in his
monastery in the 1860s resulted in the development of the principles of inheritance. Mendel
cross-pollinated his pea plants and meticulously recorded the statistics of the resulting
offspring. This data and his observations were published but largely ignored until the 1900s
when other scientists discovered his work and linked it to their own studies in genetics.

A" Important discoveries that explain the mechanisms of inheritance

The later discovery of chromosomes by Walther Flemming in 1879, and the link between
chromosomes and heredity described by Theodor Boveri in 1902, helped scientists further
understand the mechanisms behind inheritance. In addition, Walter Sutton’s observations
in 1903 of chromosome behaviour during cell division and gamete formation was
consistent with Mendel’s work.

Mendel’s laws of inheritance

Mendel proposed three principles of inheritance, which are now known as Mendel’s
laws of inheritance.

® The law of segregation: each inherited trait is defined by a single gene pair. The
parent genes are randomly separated into the gametes. Offspring inherit one allele
from each parent when the gametes join at fertilisation.

® The law of independent assortment: traits are inherited separately from one another.
The inheritance of one trait is not dependent on the inheritance of another.

® The law of dominance: where an organism has two alternative forms of a gene, the
dominant allele will be expressed.

Mendel’s pea plant experiments

Mendel studied seven of the characteristics of pea plants, including plant height, pea
colour, flower colour, pod shape and seed shape (see Figure 1.5.2). He worked with
plants that self-pollinated and consistently produced the same characteristics from one
generation to the next. Mendel used these observations to conclude that the parental
lineage of these pea plants was purebred.
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Characteristics of pea plants Gregor Mendel used in his inheritance experiments 8

Seeds Flower Pod ~ Stem s

foiir position o 3

form cotyledons colour form co of inflorences 28 £

2

v

® | CO

S

round yellow white : 3
roundish axial long
inkled e constricted *
wrinkle green violet-red it green el i

the seeds
A FIGURE1.5.2 Mendel studied seven of the characteristics of pea plants.

Mendel cross-pollinated one variety of purebred plant with another and discovered
that the offspring looked like either one of the parent plants, not a blend of the

two. For example, crossing a long stem plant with a short stem plant resulted in
offspring having long stems, not stems somewhere between long and short. In general,
if the offspring (or progeny) of crosses between purebred plants looked like only one
of the parents, Mendel called the expressed trait the dominant trait. The trait that

was not seen in the progeny, and was masked by the dominant trait, was called the

recessive trait.

Mendel designated the two pure-breeding
parental generations as P, and P, and
identified the progeny as the filial or F,
generation. Although the F, generation
looked uniformly like one parent of the P
generation, they had inherited a different
allele from each parent plant. This type of
breeding is known as a monohybrid cross,
as only one gene is being investigated (see
Figure 1.5.3).

Mendel then crossed the F, generation by
allowing the F, generation to self-pollinate,
creating the F, generation. The F, generation
had offspring that were either long or short
in stem length, showing that the recessive
trait had been carried down in the F,
generation. The ratio of long to short stems
was roughly three long stems to one short
stem.

progeny

offspring

dominant

an inheritance that
identifies the dominant
allele in a genotype

recessive

an inheritance that
identifies the recessive
allele in a genotype

filial
first set of offspring from
a cross between parents

P

All long
l Self-fertilisation

F, generation

T
Three long

One short  F, generation

A FIGURE 1.5.3 A monohybrid cross over two generations
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monohybrid cross
a cross between two
organisms with two alleles
at one gene location

recessive allele

the allele that is masked
by a dominant allele and
is only expressed in the

homozygote

homozygous dominant
having two of the

same dominant alleles
on homologous
chromosomes

homozygous recessive
having two of the

same recessive alleles
on homologous
chromosomes

heterozygous

having two different
alleles on homologous
chromosomes

genotype
the combination of alleles
for a specific gene

phenotype

the observable
characteristics of the
genotype

DNA, genes and alleles

Mendel’s data suggested that each parent contributes some particulate matter to their
offspring, and he called this hereditary material ‘elementen’. Today we know this as DNA
and genes. We also know that there are forms of genes called alleles. For example, when
considering stem height, there is an allele for long and an allele for short stem height.

Mendel’s genetic notation

Mendel used a specific notation to represent his data. For a dominant allele he
used a capital letter, and he used a lowercase letter to represent the recessive allele.
Purebred long stem plants, which are homozygous dominant, have a notation of
LL. Pure-breeding short stem plants,
which are homozygous recessive, have
a notation of 1l. The hybrids in the F,
generation, which are heterozygous,

Stem length

have a notation of Ll. Heterozygous
plants carry the recessive allele, despite
physically showing the dominant allele.

This notation is known as the
genotype of the individual, as it is a
representation of the combination of
alleles found in a specific gene. The

observable expression of the genotype
is called the phenotype. For example,
Figure 1.5.4 shows a pea plant with the
genotype Ll displaying the phenotype
of a long stem.

@ LEARNING CHECK

1 Figure 1.5.5 shows the characteristics of pea plants and the classification of dominant
and recessive alleles.

Short
Genotypes: 11

Long
LLorLl

A FIGURE1.5.4 A pea plant with the genotype LI
displaying the phenotype of a long stem

a Assign a key to each characteristic of a pea; for example, seed shape R = round and
r = wrinkled.

b Draw this as a table in your workbook.
2 Write the genotypes for the following pure-breeding plant characteristics:
a wrinkled seeds.
b inflated pod shape.
c white flower.
d tall stem height.
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Flower  Seed Seed Pod Pod Plant ~ Flower
colour ~ shape  colour  colour  shape  height position

Shutterstock.com/Designua

= -
=
<
=
B \Q. \ \
o
o
Purple Round Yellow Green Inflated Tall Axial
£ \
= N s >
LU
o -
L
o

White Wrinkled Green Yelow  Constricted  Short Terminal

A FIGURE 1.5.5 The dominant and recessive traits of pea plants

3 Predict the phenotypes of the offspring in the following crosses. Use Figure 1.5.5 to
help you.

Example: A purebred inflated seed pod crossed with a purebred constricted seed pod
will produce offspring that all have inflated seed pods because inflated seed pod is the
dominant trait.

a A purebred purple flower crossed with a purebred white flower
b A purebred yellow seed crossed with a purebred green seed
¢ A purebred tall stem crossed with a purebred short stem
4 Write the genotypes for the following phenotypes into your workbook:
a homozygous green pod.
b homozygous terminal flower position.
¢ homozygous wrinkled seed.
d heterozygous purple flower.
e heterozygous inflated pod shape.
5 List Mendel’s three laws.
6 Define:
a purebred.
b monohybrid cross.
¢ genotype.
d phenotype.

7 Conduct some research on the Internet to determine if the following human
characteristics are dominant or recessive.

a The ability to roll your tongue into a U shape
b Free earlobes

c Interlocking fingers with the left thumb on top
d A widow’s peak hairline on the forehead
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@ Sex determination

BY THE END OF v : . T .
THIS MODULE, YOU identify the chromosomes responsible for sex determination in different species
WILL BE ABLE TO: v predict the frequency of male and female offspring

v describe some conditions caused by variation in sex chromosome inheritance.

GET THINKING

In crocodiles, male hatchlings are born if the eggs incubate at 34°C and female hatchlings
are born if the eggs incubate at 30°C. The average body temperature of humans is 37°C. So
what, if not temperature, determines our sex?

XX and XY chromosomes

You have previously learned that humans have 23 pairs of
chromosomes, of which 22 are the autosome chromosomes and the
23rd pair are the sex chromosomes. In humans, and most mammals,
these sex chromosomes are labelled X and Y (see Figure 1.6.1). The
combination of the sex chromosomes determines the sex of the
offspring: XX for female and XY for male.

-y

Alamy Stock Photo/Science Photo Library

>
! -

How is sex determined?

The sex of offspring is determined by what happens during the
separation of the chromosomes during meiosis (see Figure 1.6.2). In
meiosis, the chromosome number halves, with each daughter cell

L7

o

receiving a haploid number of chromosomes from the parent cell. In
humans, all the eggs cells (ova) produced by the female carry one

A FIGURE1.61 A scanning electron

micrograph showing the X chromosome X chromosome. Half the sperm cells produced by the male carry one
(left) and Y chromosome (right) X chromosome and the remaining half carry the Y chromosome.
o
L Meiosis Fertilisation
Video activity
Sex determination
—> — —>
Gametes ><
— — [ xx  —
n 2n

A FIGURE1.6.2 How sex chromosomes are determined in humans
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At fertilisation, there is a 50 per cent probability that the female egg cell will be fertilised
by an X-carrying sperm and a 50 per cent probability that the female egg cell will be
fertilised by a Y-carrying sperm. The resulting zygote will be diploid (2r) and will have a
full complement of sex chromosomes.

Sex chromosomes in other animals

Other animals have different sex-determining systems from most mammals. For
example, birds have a ZW system, where males are ZZ and females are ZW (see Figure
1.6.3). Reptiles and amphibians have a mixture of XX/XY and ZZ/ZW depending on
the species. These animals, in particular turtles and crocodiles, are influenced by the
environment, usually temperature, which can influence the sex of the offspring. For
example, turtle eggs that are incubated below 27.7°C will result in male hatchlings and
eggs incubated at temperatures above 31°C will result in female hatchlings.

Male Female

Q0

Sperm Egg

00 o0 Q0 Q0

A FIGURE 1.6.3 The inheritance of sex chromosomes in birds

Insects also inherit sex chromosomes, although they do so differently from vertebrate
animals. Honeybees are an interesting example where all drones (males) are formed
from unfertilised eggs and are, therefore, haploid. Female worker bees develop from
fertilised eggs and are diploid. The queen bee is a female (diploid) that was fed royal
jelly in the hive. She lays all the eggs in the hive. The inheritance of sex chromosomes in
honeybees is shown in Figure 1.6.4.
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non-disjunction

the incorrect separation
of chromosomes or
chromatids at the
centromere, resulting in
gametes with an unusual
chromosome number

),
,};‘}'QJ

Diploid female bee (2n)

Meiosis
11
00

Eggs

No fertilisati7 \

0. 32)), 0.37)
HR R

Haploid male bees (n)

A FIGURE1.6.4
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Diploid female bee (2n)

Meiosis
11
©0

Eggs

W),
1R

Haploid male bee (n)

No meiosis

i1
o 8

Sperm

Fertilisation

X

s
A =
7

- ,‘4\ -t
4 u'ﬂ' 4

Female diploid bees (2n)

The inheritance of sex chromosomes in honeybees

Extra or missing sex chromosomes

Sometimes the chromosomes do not separate normally during meiosis, resulting in

Adapted from https://www.topperlearning.com/answer/mechanism-for-sexual-determination-in-honey-bees/gmp56lil

gametes that have one extra or one fewer sex chromosome. This is called non-disjunction

and can be seen in Figure 1.6.5.

Normal

M\e/ioisl |
00

Meiosis Il

Z\ Z\ Z\
Q000 QOO0 QOOP

A FIGURE 1.6.5
chromosomes than normal.
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Klinefelter syndrome occurs in individuals who have XXY as their sex chromosomes.
They are male, taller than average with less facial and body hair. Their testes are smaller
and produce less testosterone and sperm. A karyotype of a person with Klinefelter
syndrome is shown in Figure 1.6.6.

karyotype 47,XXY. (CC BY 4.0)
Shutterstock.com/Kateryna Kon

wellcome collection/Klinefelter's syndrome

A FIGURE1.6.6 A karyotype of a person with A FIGURE1.6.7 A karyotype of a person with Turner syndrome
Klinefelter syndrome (XXY). (X0)

Turner syndrome occurs in females who inherit only one X chromosome. Their genotype
is XO. Characteristics of the condition can include infertility, a webbed neck, short
stature and irregularities in the development of their reproductive organs. A karyotype
of a person with Turner syndrome is shown in Figure 1.6.7.

Recall the sex chromosomes for male and female in humans.

2 Use a diagram with correct notation to predict the probability of male offspring in:
a mammals.
b birds.

3 Using the Internet, research the SRY gene, located on the Y chromosome in male
mammals. Identify what role the SRY gene plays in determining the maleness of a
mammal.

4 Research and describe the full characteristics of Klinefelter syndrome and Turner
syndrome. In your description include the frequency of occurrence of both syndromes
in Australia and the phase(s) of meiosis where incorrect separation of chromosomes
can occur.
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Interactive resource
Drag and drop:
Punnett squares

first filial generation
the first set of offspring
from a parent cross

v define Punnett squares and explain how to use them

v use Punnett squares to predict the genotypes and phenotypes of offspring from
monohybrid crosses.

GET THINKING

Studying your ancestry can reveal some amazing stories about your family history. What
if we could examine the genetic history of your family too? Are there interesting stories
hidden in your genes?

What are Punnett squares?

Punnett squares are used to show the possible genotypes and phenotypes that can

be produced from monohybrid crosses. As you learned in Module 1.5, Mendelian
inheritance shows that alleles (versions of genes) occur in pairs, and these allele pairs
separate independently during meiosis so that each allele for the trait appears in a
gamete. At fertilisation, gametes unite randomly to produce potential offspring.

Punnett squares are a simple way to show this process. Capital letters are used for
dominant traits, and lowercase letters are used for recessive traits. It is conventional to
keep the letters the same for the trait being examined; for example, AA, Aa, or aa.

Punnett squares in action

As Mendel observed in peas, round seed shape (R) is dominant to wrinkled seed shape (r).
Let’s cross a homozygous round seed (RR) with a homozygous recessive wrinkled seed
shape (rr) to determine the offspring produced in the first filial generation (F,) generation.

1 Show the parent genotype cross:
P, X P, cross =RR X 1t

2 Complete the Punnett square by placing each parent

allele into the top and side boxes. You can then fill in
the boxes, showing the probability of the offspring.
A completed Punnett square showing P, and P,

R &<— Parent alleles

Rr

genotypes and the F, genotypes is shown in

Rr

" Figure 1.7.1.
'
3 State th f the first filial ration (F
Probability of ate ‘e genotypes of the first filial generation (F,)
offspring generation.
Rr 100 per cent of the genotypes for the F, is Rr, or
heterozygous.

Parent alleles

A FIGURE 171 A completed Punnett square showing P,

4 State the phenotypes of the F, generation.
100 per cent of the progeny will display the dominant
phenotype trait of round, as the round dominant
allele (R) will mask the wrinkled recessive allele (r).

and P, genotypes and the F, genotypes
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By separating the parent genotypes into the boxes at the top
and side of the Punnett square, you are representing the
independent assortment of chromosomes and production
of gametes from meiosis.

Now, if you cross the F, generation you will see the Mendelian
ratio appear in the second filial generation (F, generation).
Follow the same four steps from the first cross. Table 1.7.1
shows a completed Punnett square demonstrating a cross
between two F, genotypes and the resulting F, genotypes.

F, xF,=RrxRr

Vv TABLE1.71 A completed Punnett square showing
two F, genotypes and the resulting F, genotypes

R r
R RR Rr
r Rr m

Wrinkled Round

Alamy Stock Photo/Martin Shields

A FIGURE1.7.2 A wrinkled pea seed and a round pea seed

second filial generation
the set of offspring from
the first filial parent cross

Twenty-five per cent of the genotypes are RR, homozygous dominant, 50 per cent are Rr,
heterozygous and 25 per cent are rr, homozygous recessive. Phenotypically, 75 per cent
of the offspring will display round seeds and 25 per cent will show wrinkled seeds. As

a ratio, the genotype can be expressed as 1:2:1 and the phenotype as 3:1. Figure 1.7.3
demonstrates the potential seed shapes produced in the F, generation.

Parents from F, generation

@ | @

)\ @

Rr m

-

Round seed

RR, Rr Genotype and
phenotype

Wrinkled seed

m

/

F, generation

A FIGURE1.7.3 A Punnett square showing the potential seed shapes produced in the F, generation
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Q LEARNING CHECK

1 Inyour workbook, copy and match the terms to the correct definitions.

Homozygous + Another term for offspring

Heterozygous + The trait masked in the heterozygote
Dominant + Having two different alleles for a gene
Recessive + Having two of the same alleles for a gene
Allele + An alternative form of gene

Progeny + The trait expressed in the heterozygote

2 For each genotype listed below, determine whether it is homozygous dominant,
homozygous recessive or heterozygous.

AA
Tt
tt
Gg
Mm
ss

- 00 O 0 T o

3 For each of the genotypes listed below, determine the phenotype given the following
information.

a Purple flowers are dominant to white flowers.
A PP
B Pp
C pp
b Brown eyes are dominant to blue eyes.
A Bb
B bb
C BB
¢ Grey furis dominant to white fur.
A GG
B gg
C Gg
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4 Complete the following monohybrid crosses. Remember to set a key, show the parent
cross, complete the Punnett square and calculate the probabilities of both genotype and
phenotype of the offspring.

a In seals, the gene for the length of whiskers has two alleles. Long whiskers are
dominant to short whiskers.

i Determine the genotypes and phenotypes of the offspring from a cross between a
homozygous dominant seal and a heterozygous seal.

ii If one parent seal is heterozygous and the other is short whiskered, what is the
probability that their offspring will have short whiskers?

b Curly hair is dominant in humans and straight hair is recessive.

i A woman with curly hair has children with a man who is homozygous for straight
hair. Predict the genotypes and phenotypes of their children.

ii A man with straight hair, whose mother was curly haired, has children with a
woman with curly hair. Predict the genotypes and phenotypes of their children.

iStock.com/spfoto

¢ In humans, right-handedness is dominant and left-handedness is recessive.

i Two parents, both heterozygotes, have children. What are the predicted genotypes
and phenotypes of their children?

ii If those parents have already had one left-handed child, what is the probability of
a second left-handed child?

Chapter 1 | Genetics 29



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Interactive resource
Label: Pedigree
charts

pedigree chart

a diagram showing
patterns of inheritance
over generations; also
called a family tree

v define, interpret and draw pedigree charts

v predict genotypes and phenotypes of individuals based on a pedigree chart
v justify the possible genotypes of individuals in a pedigree chart

v model the occurrence of a certain trait over several family generations.

GET THINKING

When you hear the word pedigree, what do you think of? For many, it means dogs or cats
that have papers showing the parents of the offspring to prove a ‘pure line’. Pedigrees
can also be applied to humans, as they display the lineage of inheritance over many
generations. How many generations do you know of in your family tree?

Inheritance in families

In Module 1.7 you learned how Punnett squares can be used to predict the probability of
genotypes and phenotypes from parent crosses. A pedigree chart, also known as a family
tree, is a visual representation of the individuals in a family. It can be used to determine
the frequency of a trait and the likelihood of inheriting that trait in subsequent
generations.

How to draw a pedigree chart

There are some conventions you need to follow when drawing and interpreting pedigree
charts. Figure 1.8.1 shows the symbols commonly used.

females

Male Identical twin
females
O Female
Fraternal twin

Marriage/mating

Affected female
and male

Roman numerals
symbolise generations

Carrier

Deceased female
and male

Arabic numbers show
individuals within a
given generation

' O

Q@O

Unknown sex

O

A FIGURE1.81 Common symbols used in drawing and interpreting pedigree charts

30 Nelson Science 10 | Australian Curriculum



How to interpret pedigree charts

Following these conventions allows geneticists to interpret
pedigrees and predict genotypes and phenotypes of
individuals. This information can be particularly important
if there is a history of a genetic condition in your family
and you are considering having your own children.
Analysing your pedigree can help you better understand
the chances of passing on a genetic condition.

Albinism is a genetic condition that makes a person unable
to produce the protein that makes melanin. Melanin is a
pigment that gives skin, eyes and hair their colour. As can
be seen in Figure 1.8.2, most people with albinism have
pale skin and eye conditions and are sensitive to the Sun.

Consider the pedigree shown in Figure 1.8.3, which demonstrates the inheritance of

albinism in a family.

O

Alamy Stock Photo/KIKE CALVO

A FIGURE 1.8.2
with albinism

A family with one child affected

geneticists
scientists who study
genetics and inheritance

1 2
.. #%D (5
1 2 3 4 5 6
O m O
1 2 3 4 5 6
O
1 2
A FIGURE 1.8.3 A pedigree showing the occurrence of albinism in four generations of

a family

Here are some facts we can pull from this pedigree by simple observation.

+ Generation II individuals 1 and 3, generation III individual 5 and generation IV

individual 1 are all affected with albinism.

o Generation I individuals 1 and 2 had three children, two females and a male.

e Generation III individuals 1 and 2 had two children. The first-born son has albinism

and the second-born daughter does not.

Determining mode of inheritance

A quick look at the pedigree in Figure 1.8.3 reveals some clues about the mode of inheritance
of albinism. Albinism is not present in every generation (it is absent in generation I). This is
because it skips a generation or, using terms from Mendel’s laws of inheritance, the trait is

mode of inheritance
the manner in which a
genetic trait or disorder
is passed from one
generation to the next

masked in some individuals. This shows us that albinism is a recessive trait.
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autosomal

the inheritance of
genes on the autosome
chromosomes

genetic disorder
disease symptoms
produced when a DNA
sequence is different from
normal

Albinism has affected males and females in this pedigree. This indicates that the gene
for albinism is carried on the somatic chromosomes, rather than the sex chromosomes.
(You can learn more about sex-linked inheritance in Chapter 9 - Biology Extension on
Nelson MindTap.) We call this autosomal inheritance.

Determining genotype

The next step is to assign genotypes to the individuals of the pedigree.

1 Seta key. For example, A = normal skin pigmentation and a = albinism. The
individuals that are shaded on the pedigree have albinism. As albinism is a recessive
condition, their genotype must be homozygous recessive, or aa.

2 Work out the parents of each affected individual. As they do not have albinism, they
must possess one dominant allele (A). However, because they have a child with
albinism both parents must have the recessive allele in their genotype (a). This makes
them heterozygotes, or Aa.

3 Finally, there are some individuals in the pedigree chart whose genotype we cannot
be sure about; for example, because they have married into the family or have not
produced offspring. These individuals are generation II 4, generation III 6 and
generation IV 2. They do not have albinism, so must possess at least one dominant
allele (A), but there is not enough information to determine if they are heterozygotes
(Aa) or homozygote dominant (AA). As you are unsure, you need to annotate these
examples with both possibilities, as shown in Figure 1.8.4.

. O

Aa 1 2 Aa
aal Aa?2 aa 3 4 AA/Aa Aab 6 Aa
W[ 1O O O
Aa 1 2 Aa Aa 3 4 Aa aa 5 6 AA/Aa
B O
aa 1 2 AA/Aa

A FIGURE 1.8.4  An albinism pedigree chart with completed genotypes. Individual lll 6 is circled,
showing her two possible genotypes.

Pedigree charts and autosomal dominant traits

Pedigree charts can also be used to show autosomal dominant traits. Consider the
pedigree showing Huntington’s disease in Figure 1.8.5. Huntington’s disease is a rare
genetic disorder that results in the progressive breakdown of neurons in the brain,
affecting a person’s cognitive, social and physical abilities.
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glossary/Autosomal-Dominant-Disorder

Adapted from https://www.genome.gov/genetics-

1 2 3 4 5 6 7 8
1 2 3 4 5 6 7 8 9 10 11 12
Male Female
unaffected unaffected

Male Female
affected affected

A FIGURE 1.8.5 A pedigree showing the inheritance of Huntington's disease

In this pedigree, you can observe that Huntington’s disease appears in every generation,
and that every affected offspring has at least one affected parent. This is due to the
dominant allele that is expressed in both the homozygous dominant genotype and the
heterozygous genotype. Equal numbers of males and females are also affected. The mode
of inheritance for Huntington’s disease is autosomal dominant.

@ LEARNING CHECK

1 Draw the correct symbols for the following:
a male without the trait.
b female with the trait.

c adeceased male with the trait. |
d identical twins. O__.
2 Consider the pedigree of a family with !
near-sightedness shown in Figure 1.8.6.
Near-sightedness is a recessive condition. M
Use the letters N for normal sight and n P
for near-sightedness to annotate each

individual’'s genotype. I_
a How many generations are shown in i

this pedigree? 7 8  Jane

w
S
]

b How many children did individuals 1
and 2 have? A FIGURE 1.8.6 A pedigree chart showing

) near-sightedness
¢ How many sets of partners/marriages

are shown in this pedigree?

What is the sex and genotype of individual 2?

What are Jane’s possible genotypes?

What is the probability that individuals 5 and 6 will have a child that is near-sighted?

Q = o0 o

What is Jane's relationship to individual 1?
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@ Cancer and genetic disorders

BY THE END OF define and provide examples of cancer and genetic disorders

THIS MODULE, YOU

predict whether a genetic disorder is dominant or recessive based on a pedigree chart
WILL BE ABLE TO:

investigate the incidences of genetic disorders in families by using pedigree charts

AL N NS

explain the role of DNA in cancer and genetic disorders.

GET THINKING
«l

o @
UQ Nearly half of all Australian men and women will be diagnosed with cancer by the age of
Video activity 85. Cancer is a leading cause of death in Australia, with almost 50 000 deaths caused by
Cancer and genetics cancer in 2021. These statistics are taken from the Cancer Council website. What are some

positive steps you can take to reduce your risk of cancer?

Cancer is uncontrolled cell division

apoptosis DNA is an incredible molecule! It stores all the information needed to build the

rogrammed cell death . .
prog proteins in a cell, produces the enzymes needed for normal cellular function, and
cancer

uncontrolled cell division controls your height and hair colour and even your blood type. But what happens
{ﬁfrgjc')ti’:g in a growth or when the code in DNA produces a protein that can be damaging to the health of
an individual?
In Module 1.3 you learned about mitosis, the cell
% Ribosome division that is essential for the growth, replacement
£ and repair of somatic cells. This important process is
i; Nucleus ‘ . Mitochondria controlled by genes that help regulate the cell cycle.
g ser’ This ensures that the cell’s DNA is copied accurately,
5)5 Lysosome ——— ) that any errors in the DNA are repaired and that each
Endoplasmic )
reticulum daughter cell receives a full set of chromosomes. The
cell cycle has checkpoints during interphase that
l allow certain genes to check for errors throughout
The organelles begin - the process. If a cell has a DNA error, it means it can’t
to disintegrate. . L ~ be repaired. Thi lead ¢ d cell death
R paired. This can lead to programmed cell death,
Teet known as apoptosis (see Figure 1.9.1). This removes

damaged cells from the body.

However, if the body is unable to regulate the cell
The cell fragments into cycle and the cell division continues unchecked,
l several apoptotic bodies. it can lead to diseases such as cancer. Cancer can
be defined as uncontrolled cell division. There are
“ many different types of cancer.

A FIGURE1.91 A cell undergoing apoptosis
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Genetic link to cancer

Sometimes faulty genes can increase the risk of getting a specific type of cancer. For
example, 5-10 per cent of breast cancers are due to faulty BRCAI and BRCA2 genes. The
normal versions of these genes are responsible for repairing cell damage and for keeping
breast and ovarian cells growing normally. However, if there is a mutation present in these
genes, the risk of breast and ovarian cancers increases. These faulty genes can be inherited.

Other cancers that can have a strong family link include melanoma, colon, pancreatic,
uterine and prostate cancers. If you have a family history of cancers, your doctor might
recommend you undergo genetic testing to see if you have a mutated gene.

Other causes of cancer

Cancers can also be caused by exposure to carcinogens. These are cancer-causing
agents like UV radiation, chemicals in cigarettes and X-rays. Carcinogens can
damage DNA or cause the cell cycle to continue unregulated, leading to cancers.
Many studies have shown that exposure to carcinogens can increase the likelihood of
developing cancers by up to 70 per cent. Things like smoking, drinking alcohol and
leading a sedentary lifestyle can increase the chance of developing cancer, as can be
seen in Figure 1.9.2.

iStock.com/Blueastro

Tobacco smoking

Age FACTORS Genetics

ey

Unhealthy food ot Sun exposure
Radiation

Excess body weight

A FIGURE1.9.2 Factors that can increase the risk of cancer

mutation

a spontaneous and
permanent change to a
DNA sequence

carcinogen

an agent that increases
the likelihood of
developing cancer
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Mistakes in the duplication and division of chromosomes lead to mutations. A mutation
can either be inherited or spontaneously appear in an individual. Mutations can be
passed on to new cells produced from the abnormal cell. While some mutations can

be beneficial and important in the process of evolution, many mutations result in
conditions that are not favourable to the individual or the population. Mutations will be
discussed in further detail in Chapter 2.

Genetic disorders

Genetic disorders arise when the DNA sequences are changed, resulting in the sequence
producing malfunctioning proteins, or no proteins at all. Genetic disorders can be caused by:
« amutation in one gene or many genes

« damage to chromosomes

« abnormal chromosome number.

Mutations can also be influenced by environmental factors, including exposure to
harmful chemicals or radiation.

Examples of genetic disorders in a single gene include cystic fibrosis, phenylketonuria
(PKU), albinism and sickle-cell anaemia. Examples of genetic disorders at the
chromosome level include Klinefelter syndrome, Turner syndrome and trisomy 21
(see Figure 1.9.3a and 1.9.3b).
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:’ AR Y | TR Y A FIGURE1.9.3 (a) A karyotype of person with
(- vl “ 9 FA ) Down syndrome, with three copies of chromosome
21 (trisomy 21); (b) A boy with Down syndrome and
15 16 17 18 his family.
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@ LEARNING CHECK

1 Inyour workbook, copy and match each term to the correct definition.

Cancer + An allele that is masked in the heterozygote condition
Mutation +  Programmed cell death

Recessive + A spontaneous and permanent change to a DNA sequence
Apoptosis + Uncontrolled cell division

2 Consider the pedigree in Figure 1.9.4,
showing the incidence of PKU in a
family. PKU is a rare genetic disorder
that causes an amino acid called
phenylalanine to build up in the body.
If left untreated, this can lead to brain
damage, intellectual disabilities,
behavioural symptoms or seizures.

c
d

Using evidence from the pedigree,
what is the mode of inheritance for
PKU?

Complete the genotypes for the
following individuals:

i Genll

ii Genll3
iii Gen 112
iv Gen 115

00U Q Q

A FIGURE 1.9.4 A pedigree showing the
incidence of PKU in a family

Calculate the probability of Gen 113 and 4 having a child with PKU.
What is the probability of Gen 1112 being a heterozygote for this condition?

3 Use the Internet to research the following cancers. Include the causes (genetic or
environmental), the likelihood of developing the cancer, ways to prevent the cancer
occurring and any treatments available. Present your findings in a table.

Breast cancer
Melanoma
Prostate cancer
Cervical cancer
Bowel cancer

Chapter 1 | Genetics
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FIRST NATIONS
SCIENCE
CONTEXTS

First Nations Australians’
kinship structures

IN THIS MODULE,

U v Explore the significance of First Nations Australians kinship and family structures.

Kinship is fundamental to First Nations Australians’ societal structure. First Nations
Australians’ cultures have complex societal structures. These determine how people
relate to each other socially, ceremonially and spiritually. An important aspect of

these structures is they inform who is allowed to marry whom. These structures have
existed long before British colonisation. In part, they function to prevent relationships
between people who are too closely related. Offspring born to closely related people may
inherit detrimental traits. First Nations Australians’ kinship systems ensure that such
relationships do not occur.

Kinship structures include:

® moiety: two halves of society divided along matrilineal (mother) and patrilineal
(father) lines of descent

® totem: the natural resources a person is accountable for, ensuring their protection for
passing to the next generation

® skin name: a person’s bloodline and connections across generations.

Skin names are the element of kinship systems that indicates a person’s bloodline. It
also communicates information about how generations are linked and how they should
interact. Husbands and wives do not share a skin name, and children do not have the
skin name of their parents. The system is sequential in that the name is given based

on a person’s position in the cycle. Males and females of the same skin name are also
distinguished by variations to the skin name.

Moiety Skin name cycle Correct marriages Skin name cycle Moiety

Yirritja Gutjan (F) Narritjan (F) Yirritja
Gudjuk (M) Narritj (M)

Dhuwa Bilinydjan (F) Gamanydjan (F) Dhuwa

Balan (M) Gamarrar) (M)

Yirritja Banaditjan (F) Bulanydjan (F) Yirritja
Banadi (M) Bulany (M)

Dhuwa Galiyan (F) Wamuttjan (F) Dhuwa
Burralan (M) Wamut (M)

Figure adapted from diagram of Gurrutu skin names cycle, Chris Matthews, ‘Indigenous perspectives in maths: Understanding Gurrutu’, Teacher
Magazine April 27 2020 https://www.teachermagazine.com/au_en/articles/indigenous-perspectives-in-maths-understanding-gurruu

A FIGURE 1101 The skin name cycles of the Gurrutu system. The skin name cycles are only one
component of Gurrutu system.
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The Gurrutu system is a complex societal structure of kinship used by the Yolngu People
of north-east Arnhem Land. In the Gurrutu system, the two moieties are Yirritja and
Dhuwa. A person’s moiety is always opposite to their mother. Each moiety has four skin
groups, and each skin group has a male (M) and female (F) version of the name, as seen
in Figure 1.10.1.

The arrows show the sequential cycles of the skin names. For example, children of a
person with the skin name Gamanydjan would have the skin name Bulanydjan/Bulany
and their children would take the skin name next in the cycle. The moiety (Yirritja [Y]/
Dhuwa [D]) changes with each generation.

Correct marriages connect people of opposite moiety. These systems are underpinned
by an understanding of the biological principles of heredity and the transmission

of heritable characteristics. The diagonal arrows in Figure 1.10.1 show the correct
marriages between the two cycles of skin names.

Mapping the Gurrutu system of kinship

Method

1 Take 16 icy pole sticks.
a Write a Gurrutu system skin name on each icy pole stick.
b Write aY or a D to indicate the moiety.

¢ Colour the icy pole sticks with male skin names one colour and the icy pole sticks with
female skin names another colour.

2 Use these icy pole sticks to model the generations of the Gurrutu system.
a Begin by selecting a skin name from the cycle. Identify the correct marriage of this person.

b Then identify the skin name of their child. Choose either the male or the female version
of the skin name.

3 Continue this process to model the Gurrutu skin name system. Note that in the Gurrutu
system, the children take the skin name next in the cycle following matrilineal lines
(i.e. the child takes the name next in the cycle from the mother’s skin name).

Evaluation

1 What does this show you about the purpose of skin name structure as a societal
organisation system?

2 How do such systems prevent the transmission of inheritable harmful traits?

3 How does this system relate to Mendelian genetics?

Chapter 1 | Genetics
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Alamy Stock Photo/Science Photo Library

SCIENCE
AS A HUMAN
ENDEAVOUR

@ The race to discover DNA

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO: v examine the work of Rosalind Franklin and how her publications contributed to the

findings of Watson and Crick.

v explain how scientific knowledge is validated and subject to peer review

A scientific race

In the 1950s, the challenge to solve the mystery of the structure of DNA became a race,
Video activity riddled with rivalry and failed partnerships.

Rosalind Franklin

«l
o‘:

« James Watson and Francis Crick were young scientists working at Cambridge
University (see Figure 1.11.1 a).

« Rosalind Franklin, Raymond Gosling and Maurice Wilkins were working at King’s
College, London (see Figures 1.11.1 b and c).

Left: Alamy Stock Photo/Archive PL; Right: Getty Images/Donaldson Collection

50

A FIGURE1MA (@) James Watson and Francis Crick with the 3D model of DNA, (b) Maurice Wilkins and (c) Rosalind Franklin

Watson and Crick were passionate about DNA. They
= ' were building models to represent how they thought the
molecule was structured by trying to follow chemistry
rules. However, with insufficient data, their goal was too
far out of reach.

Franklin was brought onto the King’s College team

. due to her expertise in using X-ray crystallography to
kL’ carefully photograph individual strands of DNA. Watson
R and Crick would later use these photographs to map out
the molecule’s structure. Gosling, working under the
supervision of Franklin, took the famous Photo 51 (see
Figure 1.11.2).

A FIGURE111.2  Photo 517 showing a clear cross in the
middle, indicating a helical structure
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A dissolved partnership

While the partnership between Watson and Crick was successful, Franklin and Wilkins
struggled to maintain a cohesive team. Franklin believed the job of determining the
structure of DNA was hers alone, and Wilkins had not been consulted about Franklin
joining the team of scientists working at King’s College. Franklin ultimately chose to
leave the team after writing a short paper providing evidence towards the double helix
model of DNA.

During a visit to London, Wilkins showed Watson Photo 51. It was the final clue they
needed to help build the helix model that had so far eluded the Cambridge pair.

The race is over

On 28 February 1953, Watson and Crick unveiled their double helix model. Nine years
later, in 1962, Watson, Crick and Wilkins shared the Nobel Prize in Physiology and
Medicine. Franklin had died in 1958 and, as the statutes of the Nobel Foundation
stipulate that the award may not be given posthumously, they did not formally recognise
her for her work.

Sugar—
phosphate
backbone

Base pair

Adenine Thymine

. Guanine
Cytosine

Adapted from https://www.genome.gov/genetics-glossary/Double-Helix

A FIGURE111.3  The double helix model of DNA

@ LEARNING CHECK

1 Name the team credited with the discovery of the structure of the DNA molecule.
2 Explain why scientific knowledge needs to be validated and reviewed by peers.

3 Do you think that the Nobel Prize committee should recognise Rosalind Franklin’s work
towards the discovery of the structure of DNA?

Chapter 1 | Genetics
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INVESTIGATIONS U @ Modelling DNA

SCIENCE SKILLS IN FOCUS

IN THIS MODULE, YOU WILL FOCUS ON
LEARNING AND IMPROVING THESE SKILLS:

building a model to represent DNA
» extracting DNA from an organism

» using a microscope to examine and
draw stages of mitosis and meiosis

» using a model to predict genotypes and
phenotypes from parent crosses.

Models are used in science to explain or predict
a scientific concept or phenomenon. Models
are especially helpful when we want to show or
explain something we can't see with the naked
eye. For example, we use models to represent
very small structures, such as a molecule of DNA.

A good model is clear and interactive and helps
communicate ideas and information clearly.
Look around your science classroom. There will
be models on display that your teacher refers to
or passes around for students to use. Can you
pick your favourite model? What is it about that
model that attracts you? Is it:

+ colourful?
+ clearly visible in the room?
+ simple?

+ able to communicate an idea to a range of
students with different ages and abilities?
When you make your DNA model, consider the

audience and purpose.
+ Who are you making your model for?

+ What do you want them to understand or
learn?

-l
o‘:

Video
Science skills in a
minute: Modelling
DNA

Science skills
resource
Science skills in
practice: Modelling
DNA

A DNA MOLECULE

INVESTIGATION 1: BUILDING

(Am

——/

To build a model DNA molecule

(MATERIALS

N

™ 4x30cm long pipe cleaners of two different

colours

™ 60 assorted beads of six different colours.

Plastic beads with holes work
activity
& 30cm ruler

best for this

(METHOD

N

1 Cut one pair of pipe cleaners into strips that
are 5 cm in length. You will have 12 short
strips in total. You will use 10 of these in the
activity (the other two are spares). Leave the

other pair of pipe cleaners at t
(see Figure 1.12.1).

Two full-length pipe
cleaners 30 cm in length

|_|_I

10 short pipe
cleaners 5cm —
in length

heir full length

MM

A FIGURE1121  Step 1




2 Using two different colours of beads, thread the beads
in alternating colours down each full-length pipe
cleaner. Ensure the two strands match. Leave about
1.5 cm between successive beads (see Figure 1.12.2).

Strand 1 Strand 2
1.5cm
Beads match on space
both strands

—— Phosphate
molecules

Sugar
molecules

A FIGURE112.2 Step2

3 Pair up the other four colours of beads so that the
same two colours always match. Thread the
pairs onto the 5 cm lengths of pipe cleaner
(see Figure 1.12.3).

10 x 5 cm lengths of pipe cleaner

The four colours of beads

U represent the
0 nitrogenous bases

So‘ and 0 always pair
and U and ‘always pair

feedellill

A FIGURE112.3 Step 3

4 Attach the 5 cm lengths to the long pipe cleaner
strands. Do this by hooking each end of the 5cm pipe
cleaner behind the ‘sugar molecule’ bead on the long
pipe cleaner strand (see Figure 1.12.4). Ensure you
are attaching them to the same colour bead on each
long strand.

— Sugar molecule

—— Phosphate molecule

The short strands attach
where the ‘sugar’ beads
are on the long strands.

A FIGURE112.4 Step 4

5 Once all the small pieces have been attached, make
the long strands into a double helix shape by
twisting them in a anticlockwise direction
(see Figure 1.12.5).
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Four different
nitrogenous
bases

e 0o ¢ o

© — Sugar molecule

© — Phosphate molecule

AFIGURE112.5 Step 5

(evaLuation )

1 What part of your model represents the sugar and
phosphate backbone?

How did you represent the nitrogenous base pairs?

Which colour bead in your model represents the
deoxyribose sugar? Why?

4 Draw a labelled diagram of your model in your
workbook.

5 Examine the other students’ models. Are any strands
identical? How does this represent DNA in your cells?

: 4:4 I\l:els:on:Scien:ceﬁo: /-\:us':cral:ian:Cu:rriéulLim:

INVESTIGATION 2: EXTRACTING DNA

(Am

)

To extract DNA from an organism

(MATERIALS

o
o
o
o

o
o
o
o

biological tissue containing DNA, such as
strawberry, kiwi fruit, banana, wheat germ or onion

buffer solution containing water, salt, dishwashing
detergent and meat tenderiser

zip-lock bag

filter funnel with filter paper
ice-cold ethanol

test tube

250 mL beaker

hooked Pasteur pipette or paperclip

(mMETHOD

1

Place the biological tissue into the zip-lock bag.
Make a note in your workbook of the size of the
biological tissue that you start with. Physically
break up the material by massaging it with your
hands through the plastic bag for one minute.

Place the buffer solution into the zip-lock bag.
Continue to massage the bag for another two minutes.

Using the filter funnel and filter paper, filter the
contents of the zip-lock bag into the beaker.

Pour the filtrate into the test tube until it is about a
third full.

Holding the test tube at an angle, slowly add the
ice-cold ethanol to form a layer on top of the
filtrate. Add roughly the same volume of ethanol
as filtrate, so the test tube is two-thirds full. DNA is
insoluble in alcohol, so it will form visible strands
where the two liquids meet.

Lift the DNA out of the test tube using the hooked
Pasteur pipette or paperclip.



(evaLuation )

1 What material did you extract the DNA from?
What is the purpose of using a buffer solution?

Why does the ethanol remain on top of the filtrate in
the test tube?

5 Compare the volume of the DNA extracted from
the original volume of the tissue you started with.

Estimate the percentage of DNA present in the
INVESTIGATION 3:

tissue.
MITOSIS AND MEIOSIS  SOUTHERN \,
UNDER THE MICROSCOPE

(Am )

To identify key stages of mitosis and meiosis in plant
cells using a compound microscope

(MATERIALS )

& compound microscope
™ microscope slides showing meiosis (e.g. lily anthers)

™ microscope slides showing mitosis (e.g. onion
root tip)

' Warning
4 Microscope slides are fragile and can
break easily. If they break, please
dispose of the glass safely.
(mMETHOD )

1 Turn on your microscope and position it so that you
can easily look through the lens. Ensure it is on the
lowest magnification setting.

2 Carefully place the mitosis slide into position and
centre it under the microscopic field. Rotate to the
high-power objective and refocus to observe the
cells in greater detail.

Once you have located the cells, draw a scientific
diagram of what you can see in your workbook.
Remember to include the magnification.

Identify the stage of mitosis each cell is undergoing
and label the diagram accordingly.

Once your diagram is complete, move your
microscope back to the lowest setting and remove
the mitosis slide. Replace it with the meiosis slide.

Increase the magnification as before and refocus to
see the cells in clearer detail.

Complete a scientific diagram of what you can see
on the slide in your workbook. Identify the stage of
meiosis each cell is undergoing and label the diagram
accordingly. Remember to include the magnification.

(evaLuation )

1

Which phases of mitosis were you able to identify? What
are the key processes occurring during each phase?

Which phases of meiosis were you able to identify?
What are the key processes occurring during each
phase?

From your observations, how are meiosis and
mitosis different?

From your observations, how are meiosis and
mitosis similar?

Why is it important to record the magnification of the
microscope?
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INVESTIGATION 4:
PHENYLTHIOCARBAMIDE ANALYSIS

Phenylthiocarbamide, or PTC, is a natural chemical found
in many vegetables, such as kale and broccoli. PTC tastes
bitter to some people but is tasteless to others. The ability
to taste PTC is due to the presence of a dominant gene.
PTC can be purchased from a biological supply company.

(am )

To measure the frequency of the PTC gene in a
population

( Warning )

- Wear appropriate personal
protective equipment.

- Follow the laboratory guidelines for
the disposal of PTC papers.

- Ensure you are aware of any food allergies.

. PTC is safe when consumed in small
amounts; do not exceed one strip.

«  Wash your hands thoroughly before and after
this activity.
\ J

(mATERIALS )

© drinking water
& PTC papers

(mMETHOD )

Before tasting the strip, drink some plain tap water.

2 Place a strip of PTC paper on your tongue and let it sit
for a few minutes.

Note any taste or sensation that you feel.

On a scale of 1-9, record how bitter the PTC tastes.
Use the PTC sensitivity table (see Table 1.12.1) to
determine the PTC sensitivity category you belong to.

: 4:6 I\l:els:on:Scien;:eﬁo: Aus':cral:ian:Cu:rriéulu:m:

Vv TABLE 1124  PTC sensitivity table

Bitterness score PTC sensitivity = Genotype

Two or less Low pp

3or4 Mid-level Pp

5 or more High PP
(evaLuation )

The PTC gene was discovered in 2003. It contains
two common alleles; one is a tasting allele, and one
is a non-tasting allele. The ability to taste PTC is a
dominant trait.

1 Using the letters P/p, assign genotypes to your
group members based on their results in the taste-
test.

2 Collate the class data of genotypes. Remember to
also identify the sex of the individual if appropriate.

An example of a table that could be used to record
the frequency is shown in Table 1.12.2.

v TABLE112.2  Example genotype frequency table

Male Female Prefer not to say

PP
Pp

pp

3 Does the class data reflect Mendel’s ratios for
single gene inheritance? If so, explain what this
implies about the mode of inheritance.

4 Some foods that naturally contain PTC are broccoli,
pepper and cabbage. Conduct a further study by
asking your classmates if they like or dislike eating
those foods. Use the data collected to determine
if there are food preferences or avoidances in your
class group that may correlate to the presence of
the PTC tasting allele.



1 REVIEW

(RE MEMBERING v TABLE 14341 Interphase and phases of mitosis

1 Recall what DNA stands for. Phase Description

2 Explain why DNA is known as the ‘blueprint of life’. Interphase

3 Define: The chromosomes form, nuclear membrane

a chromosome. breaks down and the centrioles replicate.

b karyotype. Metaphase

¢ autosomal chromosomes. The chromatids are pulled to opposite poles
d gene. of the cell.

The shape of the DNA molecule is known as a Telophase

double helix. The cytoplasm divides and two daughter

a Draw a diagram to represent this shape. cells are produced.

b Explain how Photo 57 confirmed the shape
Describe the result of meiosis.
of DNA.
Demonstrate, using a colour-coded and labelled
diagram, how crossing over results in genetically
different chromatids.

Name the four bases found in a DNA molecule and
explain how and why they pair up.

(U NDERSTANDING ) 10 State the benefits of First Nations Australians’

6

kinship structures.
Explain why it is important that DNA replicates during

11 Identify the following statements as true or false.
interphase, before the cell divides. fy 9

Modify any false statements in your workbook so
Examine Figure 1.13.1, which shows the phases of they read true.

mitosis. a Homozygous individuals have two different

Then copy and complete Table 1.13.1, explaining alleles for one gene.

what is occurring during each phase. A dominant allele will mask a recessive allele in
the heterozygote genotype.

The phenotype is the representation of the alleles
in an individual.

Lowercase letters are used to denote the
dominant trait in the genotype.

ah
e/

e A

Shutterstock.com/Ldarin

A - e | . ain. | W
@@ ./ » sz O'\w .
‘ i

Interphase Prophase Metaphase Anaphase Telophase and cytokinesis \U/
1st phase 2nd phase 3rd phase 4th phase

A FIGURE 11431 The process of mitosis consists of four phases and produces two genetically identical daughter cells.
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12 Examine the karyotype shown in Figure 1.13.2.

a What sex does this karyotype show?

b There is an abnormal number of chromosomes in
this karyotype. Identify which chromosome has
an abnormal number.

¢ What is the number of chromosomes found in a
normal human body cell?

d What is the number of chromosomes found in a
normal human sex cell?
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A FIGURE 113.2 A karyotype showing an abnormal number
of chromosomes

13 Random assortment is the chance alignment of
chromosomes at the metaphase plate during
metaphase . If a cell has a diploid (2n) number of
58, calculate the total number of combinations of
chromosome pairs that can occur.

14 The ability to roll your tongue into a U shape is an
autosomal dominant trait. Justify, using a Punnett
square, how two individuals, homozygous for tongue
rolling, are unable to produce offspring who cannot
roll their tongue.

15 Define ‘cancer’.

16 Give an example of one type of cancer caused
by genetics and one type of cancer caused by
environmental factors.

Nelson Science 10 | Australian Curriculum

[APPLYING )

(ANALYSING )

17 Belle does not have albinism; however, her maternal
grandfather did, and her maternal aunt does too.

On her father’s side, there is no family history of

albinism.

a What are the genotypes for Belle’s:

i grandfather?
ii mother?
iii father?

b What is the probability of Belle being a
heterozygote for albinism? Justify your response
by showing your working out.

c Draw a pedigree of Belle's family, showing the
occurrence of albinism. Include all labels and
genotypes of every individual mentioned in this
question.

d Classify the mode of inheritance of albinism.

18 Melanoma is a skin cancer that can develop from
exposure to UV rays. Identify five steps that you
could take to limit your chance of developing
skin cancer.

19 During anaphase Il, chromosome pair 21 failed to
separate into their chromatids in one of the cells.
a Draw the resulting daughter cells from this
meiotic division.
b Explain what will occur if these cells are fertilised
with another gamete and name this genetic
condition.

(evaLuating )

20 Write a short paragraph that links the terms
nucleotide, nitrogenous base, DNA, genes and
chromosomes.

21 Conduct a survey with your class to determine the
ratio of left or right thumbs on top when fingers are
casually interlocked together. Left thumbs on top is
dominant to right thumbs on top.

a Does the ratio in your classroom reflect one of
Mendel’s laws?
b Is there a correlation between each person’s
dominant writing hand and which thumb naturally
rests on top?




In this unit you have learned about

DNA, its role in cellular activities, how it

is inherited and how the instructions it

holds can influence the characteristics

of future generations. Using the key

terms from each module, create a mind

map to show how the information that e

you have learned is connected.
Explain why recessive genetic conditions such
as albinism or cystic fibrosis can be unknowingly
passed down from generation to generation.

How do these types of conditions compare to
autosomal dominant disorders that may cause
premature death, such as Huntington's disease?

Conduct research into a genetic condition of your
choice. In your research you will need to determine the:

+ mode of inheritance

+ frequency of the condition in Australian populations
+ signs and symptoms of the disorder

« treatment or prevention of the disorder.

Some suggestions to consider include cystic
fibrosis, Huntington's disease, sickle-cell anaemia,
melanoma, Duchenne muscular dystrophy, fragile X
syndrome, Klinefelter syndrome, neurofibromatosis
and von Willebrand disease.

weak hydrogen bonds

Present your research about a genetic condition as a flyer that could be
used in medical centres to inform patients about the disease. It should be
clear and visually communicate your research.

Use your knowledge and understanding to create a pedigree of your own
family. Select a physical characteristic, such as earlobe attachment,
tongue rolling or blood type, and trace the characteristic through your
family as far back as possible. Present your family tree as a poster.
Include photographs of your relatives and show the inheritance of your
chosen characteristic through the generations.
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BIG SCIENCE CHALLENGE

A FIGURE 2.01 Hominins in order of
evolution, ending in Homo sapiens
It has taken millions of years for humans to evolve into the species

Homo sapiens. During that time, our ancestors were influenced by
many evolutionary mechanisms that have resulted in us. But are we still
capable of evolving? Homo sapiens’ biological and cultural evolution
has resulted in our species not feeling the influence of the environment
as strongly as we once did; we can treat diseases that would previously

have killed us, and we can even manipulate DNA to aid in our survival. SCIENCE CHALLENGE

» What advances in medical technology have been made to extend ACCEPTED!
the life span of humans?

How do you think these technological advances have affected the
evolution of Homo sapiens?

Will there be a species after Homo sapiens? Or are we the ‘ultimate
species’?

Assessments Science skills resources
® Prior knowledge quiz ® Science skills in practice: Identifying trends (2:12)
® Chapter review questions ® Extra science investigations: Modelling natural selection

(2.4); Modelling selection pressures (2.5); Modelling

® End-of-chapter test
P fossilisation processes (2.7)

® Portfolio assessment task: Science investigation
Interactive resources

® Drag and drop: Types of mutation (2.2); Structural
evidence of evolution (2.8)

Videos
® Science skills in a minute: Identifying trends (212)

® Video activities: Mechanisms of evolution (2.2); Darwin
(2.3); Natural selection (2.4); Speciation (2.5); Fossil . .
evidence (2.7); Evolution: the evidence (2.9); GMOs (2.11) ® Crossword: Evolution (2.6)

® Simulation: Natural selection (2.4)

‘ L . .
:‘: Nelson I\/IlndTap To access these resources and many more, visit:

cengage.com.au/nelsonmindtap
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@ Variation between individuals

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

Why is there
evolution?

variation

a difference in
characteristics due to
different genes

species

a group of organisms
capable of reproducing
under natural conditions
to produce fertile
offspring

evolution

the gradual change

in characteristics of

a species over many
generations resulting in a
new and different species

population
a group of individuals of
the same species living
in the same place at the
same time
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A FIGURE 211

daughter cells.

The result of meiosis is four genetically different haploid

v define ‘variation’, ‘mutation’, ‘crossing over’ and ‘independent assortment’
v explain how mutations and meiosis contribute to variation.

GET THINKING

Imagine walking through a rainforest or snorkelling above a coral reef. How many different
organisms can you see? If you take a closer look and only focus on one type of plant or one
type of fish, do you notice small differences between them? Perhaps not every leaf is the same
shape, or the fish have slightly different markings. These differences are known as variation.
Without variation, the process of natural selection cannot occur, and there is a greater risk of
extinction. In your workbook, write down your explanation of why variation is important. After
reading this module, come back and see if you need to adjust your understanding.

Variation between individuals

Have you ever noticed that even within a group of people of similar age or ethnicity,

no one looks the same? Even within a family, siblings with the same parents can look
similar or quite different. The reason behind this is variation. Variation can be described
as the differences seen in the phenotypes that are the expression of genotypes of
individuals of the same species.

Why is variation so important? The key here lies in understanding the processes of change
that result in evolution. Imagine if every individual within a species was genetically
identical. What would happen to the species if the environment was no longer favourable
to individuals with this specific genetic make-up? The species would become extinct.

An example is the small population of cheetahs in Africa. The cheetahs show
characteristics of inbreeding and are highly vulnerable to infectious diseases carried by
domestic cats. Cheetahs struggle to cope with these pressures partly because they lack
the genetic variation to respond to them effectively.

Variation in a species has several sources. Meiosis is a primary source whereby the
process of cell division of germline cells produces daughter cells that are genetically
different from the parent cell, as shown in Figure 2.1.1.

Variation in meiosis

Crossing over during prophase I results
in the recombination of alleles between
non-sister chromatids of homologous
pairs of chromosomes. The non-sister
chromatid arms entangle and, at the
chiasma, can detach and re-attach,
exchanging genetic material. The

Four daughter

. I
After crossing cells

2
(i) -

2
—

EE =

Meiosis | e amount of genetic material exchanged
Homologous Meiosis Il during crossing over varies, so the
chromosomes

resulting recombination of alleles can be
small or extensive.
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Independent assortment occurs during metaphase I. This involves the random lining up independent assortment
. , . the random lining up of
of the chromosome pairs at the cell’s equator (Figure 2.1.2). The paternal or maternal maternal and paternal
chromosomes line up randomly on either side of the equator. So, when the chromosomes Ch’?mﬁsomles during
. X i metaphase
split during anaphase I, there is a random chance of paternal and maternal

chromosomes occurring in the resulting daughter cells.

The number of combinations in
which chromosomes can line up

at the equator is 2", where n is the
haploid number of the organism.
For example, humans have a
haploid number (n) of 23, making
the total number of possible
combinations of paternal/maternal
chromosomes 2% = 8388 608.

Oth f G 4 4 4
gengtiiovlgr? gtsi oO n ‘ , \ sametes \ \ ,

Combination 1 Combination 2 Combination3  Combination 4

Possibility 1 Possibility 2
Homologous chromosomes
have two possible
arrangements at metaphase |,
which results in different
chromosome combinations.

Random fertilisation and random
mating are other sources of
variation in species that reproduce
sexually. The different types of gametes produced through meiosis and the fact that most
animal species mate with multiple individuals result in a wide variety of allele combinations
in the offspring.

A FIGURE 21.2  The possible combinations of chromosomes lining up during metaphase |

Mutations are spontaneous and random changes in the DNA sequence. If a mutation is
inherited, it can change how frequently an allele appears in a population, resulting in many
individuals with affected phenotypes. We will look at mutations in more detail in Module 2.2.

@ LEARNING CHECK

1 List four sources of variation in a
species.

a a
2 Calculate the number of b b
combinations in which the
chromosomes can line up during g g

metaphase | if the diploid number
of an organism is 14.

3 Examine the paired homologous
chromosomes in Figure 2.1.3. Write
out all the possible genotypes
found in the gametes if crossing
over occurred at the marked
chiasma.

= Point at which crossing over occurred

A FIGURE 21.3  Paired homologous chromosomes
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Adapted from https://quizlet.com/462177544/ex24-
killing-by-uv-light-flash-cards/, © Pearson Education

A FIGURE 2.21
of DNA, with two thymine bases (Ts) bonding with each other
instead of with their complementary base, adenine (A).

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Video activity
Mechanisms of
evolution

Interactive resource
Drag and drop:
Types of mutation

genome
an organism'’s full set of
DNA

mutagen

an agent that increases
the likelihood of mutation

v define and provide examples of mutation, mutagens, genes and chromosomal mutations
v describe the differences between gene and chromosomal mutations

v recognise the changes to the DNA sequence resulting from the types of mutations
within these categories.

GET THINKING

What comes to mind when you think of the word ‘mutant’? Perhaps the X-Men are the basis
of your understanding of a mutant. In biology, a mutant is an organism that is physically
different because of a change in its genes. Using this definition, write down some examples
of mutants.

Mutations are a significant contributor to variation in a population and are important
mechanisms of change in evolution.

Mutations

Even though mutations are spontaneous and random, exposure to certain chemicals
or agents can increase the likelihood of a mutation in the genome. These agents can
be physical or environmental and are known as mutagens. Mutagens can be further
classified by their origin and effects on the DNA.

Physical, chemical and biological mutagens

Physical mutagens include ultraviolet and gamma radiation. These create free radicals
that cause unusual bonds between bases in a DNA molecule. This prevents specific
proteins from being produced. Figure 2.2.1
demonstrates how UV radiation can cause a
mismatch in a sequence of DNA.

Ultraviolet light

Chemical mutagens are found in toxic compounds;
for example, mustard gas. Exposure to these
chemicals cause the DNA double strands to

break, affecting the cells’ ability to divide and
multiply. Chemical mutagens are commonly used
in chemotherapy to prevent cancerous cells from

Bond between
2 thymine bases

G T A reproducing.
C G A A A C C A T Biological mutagens are bacteria or viruses that can
l l l l l l l l l cause changes in the DNA sequence. An example
is the human papillomavirus, which can result in
cancerous cells in infected tissues, commonly the
UV radiation causes a mismatch in a sequence

cervix or throat.
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Gene mutations

Mutations can be categorised as gene or chromosomal.

Gene mutations occur in a single gene because of changes to the nucleotide sequence. gene mutation
a change in the DNA
sequence In one or more
single nucleotide results in a point mutation and can result in changes to the protein. genes

insertion
In Chapter 1, we looked at how genes consist of triplets of nitrogenous bases (A, T, G and  the addition of a
nucleotide into a DNA

Occasionally they occur during DNA replication. The insertion, deletion or substitution of a

C) that code for a specific protein. Keeping this in mind, consider the sequence of words:

THE CAT ATE THE RAT. Think of each word as representing a triplet of nucleotides Z:]:;Z;e

in DNA and the sentence representing a sequence of DNA. Changing just one letter, the removal of a

such as the fifth letter, A, to an O, makes the sequence THE COT ATE THE RAT. You Qggfe",}'cie from a DNA
can still read the new sentence, but it no longer makes sense. This is what happens in a substitution
substitution mutation. Although the gene can still produce a protein, it may not be the ;Zi;wozzzmwﬁt‘;ifnaa ONA
protein required for normal cell function. sequence

An insertion occurs when an additional nucleotide is inserted into a gene sequence. For
example, adding a second C in the fifth position in the original sentence gives us THE
CCATAT ETH ERAT.

A deletion occurs when a nucleotide is removed from a gene sequence. For example,
removing the sixth letter in the sentence gives us the sequence of THE CAA TET HER AT.

Both an insertion and a deletion result in a frameshift mutation. This is when the
sequence of the nucleotides is read differently, which interferes with protein production.

Figure 2.2.2 offers a visual depiction of the three different types of gene mutations.

Ten bases

Y OV 1 insertion
CTCTTTAATG GAGAAATTAC

mutations-and-cancer/school-and-colleges

Adapted from https://le.ac.uk/vgec/topics/gene-

T
T Nine bases
CTCTTAATG \/ CTCTGAATG GAGACTTAC
Nine bases -
G
Eight bases

GAGATTAC
- CTCT-AATG GAGATTAC e eon
A FIGURE 2.2.2  The three different types of gene mutations

Gene mutations may result in a dysfunctional protein, which can lead to a genetic
condition or a cancerous growth.
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Chromosomal mutations

chromosomal mutation Chromosomal mutations occur at the chromosome level and involve more than one gene.
a change in the number of
chromosomes or an arm
of a chromosome

They occur because of an error in the cell division during mitosis or meiosis.

Deletion mutations occur when part of a chromosome is removed. As a result, the genes
that part of the chromosome should carry cannot be read, and no proteins are produced.
An example in humans is cri-du-chat syndrome, where a portion of chromosome 5 is

REVEE

Shutterstock.com/kanyanat wongsa

1 2
9 10 - 12 0
S L W O Y I/
17 18 19 20 21 22 XX Xy
A FIGURE 2.2.3  Cri-du-chat syndrome (or cat-cry syndrome) occurs when part of chromosome
5 is deleted.
inversion mutation Inversion mutations occur when the arm of a chromosome breaks off and reattaches

?ncxg?cmhopsa?rtn]c?! ;“”ta”"” upside down. While no genes are lost, the sequence of the nucleotides is different, and

chromosome is reversed functional proteins may not be produced. For example, haemophilia A results when a
endto-end portion of the blood coagulation factor VIII is dysfunctional, and blood cannot clot.

translocation Translocation results when part of a chromosome detaches and reattaches to a different
the result when part of a
chromosome detaches

and reattaches to a of a chromosome in the nucleus. In males, the translocation of the SRY gene from a Y
different chromosome

chromosome pair. This results in part of a chromosome going missing or an extra part
chromosome onto an X chromosome can occur when sperm is produced during meiosis.

If sperm with this X chromosome fertilises an egg, the individual will develop male
characteristics, despite not having a Y chromosome.
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Figure 2.2.4 offers a visual depiction of the types of chromosomal mutations.

Deletion Inversion Translocation 32
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A chromosome segment is lost. A segment of a chromosome arm is inverted. A segment from one chromosome

is transferred to another chromosome.

A FIGURE 2.2.4 The types of chromosomal mutations

aneuploidy

Another type of chromosomal mutation is non-disjunction. This results from the having additional or
incorrect separation of the chromosome or chromatid pairs during anaphase I or missing chromosomes
anaphase II in meiosis. 3
The resulting daughter §
cells (gametes) display g
aneuploidy, an unusual }{ }{ }{ 5
number of chromosomes. §
An example of aneuploidy . 2 3 4 5 6 7 s §
is trisomy 21, or Down %
&

syndrome, a genetic
disorder that results when }{
the 21st chromosome
12 13 14 15 16

pair do not separate as 10 11

©

normal, and the resulting

zygote has three number . o
21 chromosomes (see }( ;{ }{ ;( }{ {
Figure 2.2.5). - s 1 20 2 xXx X

A FIGURE 2.2.5 Down syndrome occurs when there are three number 21 chromosomes
(trisomy 21).
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A FIGURE 2.2.6

germline mutations
mutations that occur in

Germline mutation

The entire Half of the
. organism gametes
Germ[lne carries the carry the
mutation mutation mutation

R

Gametes
Gametes Embryo Organism of the
organism
Somatic cell ‘ Patch of
mutation affected

/@%\m" - %%ffé

Somatic cell mutation

None of the
gametes
carry the
mutation

Somatic and germline mutations

removed over time.

Sperm or ova
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@ LEARNING CHECK

1 Explain the difference between mutation and mutagen.

Somatic and
germline mutations

Many mutations occur in
somatic cells rather than genes
or chromosomes and so are not
passed on to offspring. These
are called somatic mutations.
However, if the mutation
occurs in the gametes (sex
cells), these can be passed

on and are deemed germline
mutations (see Figure 2.2.6).

From an evolutionary
perspective, somatic mutations
do not impact a species’ ability
to evolve because the mutation
ends when the individual dies.
However, germline mutations
can affect the offspring and
subsequent generations. If the
mutation is beneficial to the
survival of the individual, it can

be maintained in the population. If it is not beneficial, it may reduce in frequency or be

2 A mutation resulted in a person being unable to make a protein to assist in blood
clotting. The condition this person has is called haemophilia.

a Classify haemophilia as a gene mutation or a chromosomal mutation and justify your

choice.

b The offspring of this parent also had blood that did not clot properly. Using this
information, classify haemophilia as either a somatic or a germline mutation.

3 Consider the DNA sequence TAC-GCA-AAA-CGA-GTC-ATT.
Rewrite the DNA sequence after the following mutations occurred.

a Deletion of the 5th nucleotide in the sequence

b Insertion of adenine (A) after the 7th nucleotide in the sequence

¢ Substitution of every thymine (T) with a guanine (G)

4 Sometimes, a nonsense mutation results from the deletion or insertion of a nucleotide.
Use the Internet to research what ‘nonsense mutation’ means and how it might affect the

protein produced by that gene.
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@ History of evolution theory

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

GET THINKING

v describe Darwin's observations and inferences on natural selection.

«l ),
Look at Figure 2.3.1. %
; Video activity
e Darwin
Bacteria
o i
ik iy oo
Eukaryotes
Archaca
A FIGURE 2.31  The universal tree of life
Upon first glance, it resembles a bird in flight. However, on closer inspection, it is a detailed
diagram representing the hypothesis that all life descended from the last universal common
ancestor. It is known as the ‘tree of life’ and is used both as a metaphor and as a research
tool to help understand the evolution of life and the relationships between organisms, living
and extinct. In your workbook, write two or three sentences in your own words to describe
how the tree of life could represent evolution.
You might have heard the expression ‘survival of the fittest’ used to explain evolution, survival of the fittest
but what does it actually mean? the idea that individuals

with the best suited
characteristics will

Charles DarWln—the father Of eVO|UtI0n survive, reproduce and

pass their traits on to the
t ti

In 1831, a young naturalist by the name of Charles Darwin left England for South next generation

America on the HMS Beagle as part of a survey of the South American coastline (see

Figure 2.3.2).
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natural selection
the process in which an A FIGURE 2.3.2  The route of the HMS Beagle voyage from 1831 to 1836

environmental factor acts

ﬁ]nsi&oepﬁgiti?&ffimg During the nearly 5-year voyage, Darwin studied many countries’ geology and

more likely to surviveand  hatural history and gathered an immense private collection of specimens. He took
reproduce careful notes in his journals and sent many specimens to Cambridge University for
further study. On his return to England in 1836,
Darwin worked as a self-funded ‘gentleman
scientist’, free to explore his own collections

and publish his research. Darwin’s notes on the
tortoises and the finches of the Galdpagos Islands
(see Figure 2.3.3), coupled with the information

given to him by a renowned ornithologist,

John Gould

allowed Darwin to speculate on the possibility
that ‘one species does change into another’.

Darwin felt no urgency to publish his ideas until
another British naturalist and explorer, Alfred
Russel Wallace (see Figure 2.3.4), wrote about his
observations on species distribution in the Malay
Archipelago. Incredibly, Wallace independently

A FIGURE 2.3.3  Darwin's finches and the variety of beak conceived a very similar theory of evolution
shapes observed in the Galapagos Islands

1. Geospizs magnirestris, 2, G.ﬂos‘b_ir.:v fl)![;g,
3, Geospiza parvula, 4, Certhides olivalea,

through natural selection. Wallace wrote a
paper, ‘On the Law which has
Regulated the Introduction of New
Species’, which was read by Darwin’s
colleague. This led to Wallace’s paper
being jointly published with some

of Darwin’s writings in 1858. The
positive reception from the scientific

Hulton Archive/Getty Images

community encouraged Darwin to
publish On the Origin of Species by
Means of Natural Selection or the
Preservation of Favoured Races in the
Struggle for Life in 1859.

Alamy Stock Photo/The Natural History Museum

A FIGURE 2.3.4  (a) Alfred Russel Wallace and (b) Charles Darwin

60 Nelson Science 10 | Australian Curriculum



Darwin’s key observations

On the Origin of Species is considered the foundation

of evolutionary biology. The book presents a body
of evidence that explains the diversity of life from
a common ancestor. Darwin explains this descent
with modification through a branching pattern of
evolution, as seen in Figure 2.3.5.

In his book, Darwin identified his key
observations:
® traits are inherited

® all species produce more offspring than will
survive to reproduce

e all members of a species show variation.

These observations gave rise to Darwin’s two main

inferences.

® There is a struggle for existence due to high

reproduction rates and limited resources in the

environment.

® The organisms with the traits to help them

survive best will produce more offspring, passing

on the genes that helped them survive. Over
generations, the population will have more
individuals with the genes best suited to their

environment. This is coined survival of the fittest.

This is the mechanism of evolution known as
natural selection.

@ LEARNING CHECK

1 Define ‘natural selection’.
2 a Who was Charles Darwin?

uZL‘. }u-la\ m.b:sz::i
S pans TR S
Iéﬂ”} M&Lﬁ:‘

A FIGURE 2.3.5 Darwin's first evolutionary tree sketch,
complete with ‘I think’

F L

common ancestor

the ancestor that two or
more descendants have in
common

struggle for existence
the competition between

b What were his key observations made on the HMS Beagle voyage? individuals for required

¢ List the two inferences he made from these observations. resources such as food,

water or space

3 Use the Internet to find information about Charles Darwin’s scientific findings and create
a timeline from the beginning of his journey on the HMS Beagle to the publication of On

the Origin of Species.
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@ Natural selection

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

population

v define and describe the processes of natural selection and artificial selection
v define the term ‘selective agent’ and describe the effect of a selective agent on a

v compare and contrast natural selection and artificial selection.

GET THINKING

selective agent
the environmental factor
acting on the population

gene pool

the total amount of
genetic material available
in a population

Mutation creates
variation.

Unfavourable mutations
are selected against.

Reproduction and
mutation occur.

Favourable mutations
are more likely to survive ...

... and reproduce.

A FIGURE 2.41  Arepresentation of natural selection

Alamy Stock Photo/ Prisma by Dukas

A FIGURE 2.4.2 The two variants of the

peppered moth on a tree. The light-body variant
is well camouflaged on this pollutant-free tree.
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Many scientists accept the theory of evolution because of the law of natural selection. In
science, we often describe theories and laws to explain observations about our natural
world. Using the Internet, write definitions of ‘theory’ and ‘law’. Using these definitions, write
a short statement to explain the concept of evolution to a person who does not yet know
about or understand the concept.

Natural selection as a mechanism of evolution is
now widely regarded as the clearest explanation

for the diversity of organisms on Earth. A visual

representation of natural selection is provided in
Figure 2.4.1.

Peppered moths: a natural
selection case study

Natural selection can be seen in peppered moths.
Peppered moths exhibit variation in the colour of
their body and wings, ranging from a light-coloured
body with black speckles on the wings to a variant
form in which both the body and wings are entirely
black, as seen in Figure 2.4.2. Both these populations
lived in rural England and in the cities prior to the
Industrial Revolution.

During the Industrial Revolution, the cities became
much dirtier due to the pollution produced by
engines. The walls of buildings became covered in
dark soot. The light-body variant of the peppered
moth was unable to camouflage against the darkened
walls, and the selective agent, predatory birds,

could easily find and eat the light-coloured moths,
removing them and their alleles from the gene pool.
The black moths were hidden against the black
walls, allowing them to survive, reproduce and pass
the black allele on to the subsequent offspring. Over
time, the population of peppered moths in industrial
areas became, predominantly, the black form variant.



Natural selection can also be seen in human
populations. Sickle-cell anaemia is a genetic disorder
caused by a mutation in the gene coding for the beta-
haemoglobin chain. Individuals with two recessive
alleles have sickle-cell anaemia, a condition that

results in red blood cells having a sickle shape and \/
being unable to carry sufficient oxygen.

Natural selection in humans /smme-shaped e el

Alamy Stock Photo/Cultura Creative Ltd

Normal
Individuals with one allele for the disease red blood cells

have the sickle-cell trait but suffer no major ill

A FIGURE 2.4.3 Normal red blood cells and sickle-shaped red
effects, provided they live at sea level. Living blood cells

above sea level, where there is less oxygen in the

atmosphere, causes some of the red blood cells to become sickled, which can become
stuck in the blood vessels, creating a clot. The difference between normal red blood cells
and sickle-shaped red blood cells is shown in Figure 2.4.3. The advantage to humans is
seen in malaria zones, where the heterozygotes have a resistance to malaria, survive and
reproduce, passing the sickle cell allele on to the next generation.

Artificial selection

Darwin also observed farmers selectively breeding stock to produce desired
characteristics in their offspring. He saw this as an analogy for natural selection,
whereby humans were the selective agent choosing the best traits to be passed on to

subsequent generations. This is called artificial selection. artificial selection
the process whereby
Artificial selection is a faster mechanism of humans breed organisms

for desired traits

evolution than natural selection, which takes
many generations. Artificial selection is driven
by human choice, while natural selection is
environmentally driven.

Humans have selected desired characteristics

in plants and animals since the Neolithic age,
10000 years ago. For example, humans have
selected animals such as sheep, goats and cows for
breeding based on their particular traits, such as
good milk production, thicker wool or more meat,
so these desirable traits<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>