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TOPIC 11
Genetics

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

11.1.1 Why learn this?
Features such as hair colour, freckles 
and susceptibility to certain diseases 
tend to run in families. We inherit 
these features from our parents. Have 
you ever wondered how characteristics 
are passed on from one generation to 
the next? The DNA in our cells carries 
the information that makes us who we 
are. This DNA originally came from 
an egg and a sperm produced by your 
parents. In this topic you will learn 
about DNA and how characteristics 
are inherited. You will also learn about 
some recent biotechnological advances 
and their implication to society.

DNA: the blueprint of life
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Thinking about characteristics
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. At right and on the next page are some 
pictures of celebrities and their children.
(a) Can you match each celebrity with their 

child? Answers are provided below the 
questions.

(b) Which features were most useful to help 
you match up the pictures?

(c) Characteristics that are passed from 
parent to child are said to be inherited. 
Apart from features that relate to physical 
appearance, what other features are 
inherited?

(d) Characteristics are passed from both 
parents. List some features you have 
inherited from your mother and some you 
have inherited from your father.

2. Below are some statements about heredity. 
Which of the statements are myths and 
which are facts?
(a) It is impossible for two brown-eyed 

parents to have a child with blue eyes.
(b) Your weight is determined by your genetic 

make-up to some extent.
(c) A woman who eats a high protein diet 

during the first 2 months of pregnancy is 
more likely to give birth to a son.

(d) It is possible for a person to carry a gene 
for a genetic disorder and not know it.

(e) Some types of cancers are hereditary.
(f) Identical twins are natural clones.
(g) In the majority of cases, genetic disorders 

are due to a problem with the mother’s 
egg cells rather than the father’s sperm 
cells.

(h) A brother and sister who are twins have 
exactly the same DNA.

Parent D Child 4

Parent B Child 2

Parent A Child 1

Parent C Child 3

A4, B6, C7, D5, E3, F2, G1
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11.2 It’s in the genes
11.2.1 Genes and chromosomes
Do you have freckles? Can you roll your tongue? Is your hair natu-
rally curly or straight? These features and many others are determined 
by your genes, which are inherited from your parents.

Look at the people around you — everyone has unique characteristics 
or traits. Many of your traits are determined by your genes. A gene is 
a piece of DNA (deoxyribonucleic acid). DNA is a chemical found in 
the nucleus of cells. Each gene contains the instructions for constructing 
a particular polypeptide. Proteins containing one or more polypeptides 
can then be formed, and your characteristics determined by the proteins 
the DNA codes for. For example, the gene called F8 contains the instruc-
tions for making a protein called factor VIII, found in blood. It helps 
blood to clot when you cut or bruise yourself. If the F8 gene is faulty no 
factor VIII is made. People who have haemophilia A have a faulty F8 
gene so that their blood does not clot normally following an injury.

Parent E Child 5

Parent F Child 6

Parent G Child 7

Genes control characteristics.
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 Genes determine many of your physical characteristics including eye colour, the shape of your ears and 
nose, and your natural hair colour. They also play a part in determining your personality and behaviour. 
Numerous diseases including some cases of breast cancer, colour blindness and cystic fi brosis have a strong 
genetic component. 

 DNA is found in the nucleus of cells. Most of the time the DNA is in the form of long thin strands and 
cannot be seen with a light microscope. However, when a cell is about to divide, the DNA strands coil up 
and form into chromosomes. The chromosomes can then be seen using a light microscope if they are 
stained with a dye such as methylene blue. Chromosomes are made up of DNA and other substances, 
including proteins.  

 Most of the cells of healthy humans contain 23 matching pairs of chromosomes. Exceptions are gametes 
(egg and sperm cells). These contain only 23 chromosomes. Red blood cells do not contain a nucleus, so 
they do not have any chromosomes. 

 A  karyotype  is a picture showing the chromosomes organised in matching pairs in order of size from 
biggest to smallest. In some karyotypes the chromosomes look like rods with a thinner section (the cen-
tromere), and sometimes they look X shaped. The chromosomes that are X shaped actually consist of two 
identical parts (chromatids) that are attached together at the centromere. Later in the cell division process 
the chromatids will separate and look like rods. 

 The karyotype of males and females looks different. In females, a pair of chromosomes, referred to as 
the sex chromosomes, are identical. In males, however, one of the sex chromosomes is smaller than the 
other, so that instead of looking X shaped when the chromatids are attached together, it looks Y shaped. 
For this reason females are said to have two X sex chromosomes and males have an X and a Y sex 
chromosome. 

 Karyotyping may reveal certain genetic disorders where cells do not have the usual 46 chromosomes, 
such as Down syndrome or Turner syndrome. People who have Down syndrome have 47 rather than 46 
chromosomes in their cells. In most cases all cells are affected but in a small number of cases only some 
of the cells have 47 chromosomes. The symptoms of Down syndrome vary greatly but may include delay 

   DNA is found in the nucleus of cells. Prior to cell division it coils up into structures that, when stained, can be 
seen with a microscope. These structures are called chromosomes. 

Cell membrane

Nucleus

Golgi body

Ribosome

Endoplasmic
reticulum

Mitochondrion

Nucleolus

Chromosome

DNA double helix
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in physical, intellectual and language development, heart defects (in 30–50% 
of cases), abnormalities of the digestive tract (in 8–12% of cases) as well as 
particular physical features.

In Turner syndrome the karyotype reveals that there are only 45 chromo-
somes. Instead of two sex chromosomes there is only one X chromosome. A 
person who has Turner syndrome is female but her reproductive system may 
not function properly. She is likely to be short and have other physical char-
acteristics including a low hairline, low-set ears and a webbed neck. She may 
also have problems with her heart, eyes, ears and thyroid gland and may have 
learning difficulties, although symptoms vary greatly.

A child who has Down 
syndrome

A human karyotype Karyotyped chromosomes of a girl with Turner syndrome

HOW ABOUT THAT!

The humble platypus has 10 sex chromosomes
The platypus is a rather strange animal and the more scientists find out about it, the weirder it turns out to be. In 
2004 a team of researchers from the Australian National University in Canberra worked out that the platypus has 
26 pairs of chromosomes and of these, 5 pairs are sex chromosomes.

The number of chromosomes varies between species. Human body cells usually have 46 chromosomes. 
There does not seem to be a link between the number of chromosomes and the animal’s complexity. Fruit flies 
have only 8 chromosomes, kangaroos have 12 and shrimp have an astounding 254 chromosomes!

11.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify what genes are made of and where they are found.
2. How many pairs of chromosomes do most human cells contain?
3.  Write the following in order from largest to smallest:
 gene, cell, nucleus, chromosome, organism.
4. Are chromosomes always visible in a cell? Explain.
5. Describe what a karyotype is and why it is important.
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Think
6. If each cell nucleus has about one metre of DNA, how does the DNA fit inside the cell?
7. A karyotype for a child with Down syndrome is shown below.

(a) Compare this karyotype to the normal human karyotype.
(b) Deduce whether the child is male or female. Justify your answer.
(c) Down syndrome is sometimes called Trisomy 21. Explain why. You may need to look up the word 

‘trisomy’ in a dictionary.

Skill builder
8. The table below shows the number of chromosomes in body cells of some organisms:

Species of living thing Number of chromosomes in each body cell

Chimpanzee  48

Euglena (unicellular organism)  90

Fruit fly    8

Human  46

Koala  16

Onion  16

Shrimp 254

Number of chromosomes in body cells (non-sex cells) of some living things
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(a) Construct a column graph for the data in the table above.
(b) Identify which species’ body cells have:

(i) the highest total number of chromosomes
(ii) the smallest total number of chromosomes.

(c) Do you think that the number of chromosomes reflects the intelligence of an organism? Justify your 
answer.

9. The graph below right shows the relationship between the age of the mother and the incidence of Down 
syndrome.
(a) A 30 year old woman is pregnant. What is the probability that 

the child she is carrying has Down syndrome?
(b) If the woman was 45 instead of 30, what would be the 

probability that her child had Down syndrome?
(c) CVS testing and amniocentesis can detect Down syndrome 

before 20 weeks of pregnancy. Couples who find out their 
child has Down syndrome or another serious chromosomal 
abnormality may decide to terminate the pregnancy (have an 
abortion).
(i) Discuss whether you would choose to have these tests done 

if you (or your partner) were pregnant and older than 35.
(ii) Older pregnant women are more likely to be offered CVS 

testing or amniocentesis. Explain how this could eventually 
change the shape of the graph at right.

Investigate
10. Locate information about conditions other than Down syndrome and Turner syndrome where the number 

of chromosomes is not 46. Summarise the information in a table with the following headings: ‘Name of 
condition’, ‘Description of karyotype’ and ‘Characteristics’.

11. Use the Karyotype weblink in the Resources tab. Follow the instructions provided to prepare and interpret 
karyotypes for some patients.

12. Use the University of Utah weblink in the Resources tab to learn more about the basic terminology relating 
to genetics.
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 Explore more with this weblink: Karyotype

 Explore more with this weblink: University of Utah

 Complete this digital doc: Worksheet 11.1: Genes and chromosomes (doc-12806)

 RESOURCES— ONLINE ONLY

Species of living thing Number of chromosomes in each body cell

Sugar cane  80

Tomato  24

Cabbage  18

Frog  26

Housefly  12

Pig  40

Platypus  52

Rice  24

Sheep  54
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  11.3  Cell division 
 11.3.1 Mitosis 
 Organisms need to make new cells all the time. Cells are 
needed for growth and development, to replace dead cells and 
to repair tissues. The new cells are made by cell division. Cell 
division also plays an important role in reproduction. Organ-
isms that are made up of only one cell, including bacteria, 
reproduce by simply dividing in two. In species that reproduce 
sexually, a different type of cell division produces the egg and 
sperm cells that are needed to create a new life. Understanding 
this type of cell division can help explain how we inherit cer-
tain features from our parents. 

Mitosis  is a type of cell division that produces daughter cells 
with the same number and type of chromosomes as the parent 
cell. It produces the new cells needed for growth and the repair 
of tissues. In plants, mitosis occurs only in certain parts of the 
plant, including the tips of the roots and stems. If you look at 
a section of a root tip under the microscope you may be able 
to see cells at various stages of mitosis. Mitosis is the process 
that turns a single fertilised egg into the trillions of cells that 
make up an adult human. Every time you dry your skin with a 
towel some of your skin cells are left on the towel. Mitotic cell 
division produces the new skin cells needed to replace these. 

 The diagram at right shows the process of mitosis. The dia-
gram refers to the diploid number. This is the number of chro-
mosomes found in most body cells except gametes (egg and 
sperm cells). In most body cells chromosomes occur in pairs. 
Gametes contain only half the number of chromosomes of other 
body cells. This is the haploid number. 

 After mitosis has occurred the cell membrane pinches in so 
that the cell divides in two. This process is known as cytokinesis.   

  Mitosis 

 HOW ABOUT THAT! 

 Our � rst female Nobel Prize recipient!  
 In 2009 Dr Elizabeth Blackburn became the � rst Australian woman to be awarded a Nobel 
Prize. Together with two colleagues she discovered an important enzyme called telomerase. 
In the 1970s Dr Blackburn had discovered that at the end of chromosomes there is a cap of 
DNA. These are the telomeres. Dr Blackburn compares these to the bits of plastic at the ends 
of shoe laces that stop the shoe laces from fraying. The telomeres are essential for normal 
cell division, but each time the chromosomes replicate the telomeres become shorter, until 
eventually they become too short. The cell stops dividing and dies. 

 Telomerase is an enzyme that maintains and repairs the telomeres. Other scientists 
have shown that mice that are genetically engineered to lack telomerase age 
prematurely. When the enzyme was replaced the mice bounced back to health. There 
are hopes that telomerase may one day be useful in the treatment of diseases linked 
to the ageing process, although we are a long way off using telomerase as a fountain 
of youth. Any drug that prevents cell death after a certain number of divisions has the 
potential to cause cancer. 

  Dr Elizabeth 
Blackburn 
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 11.3.2 Meiosis 
  Meiosis  is a type of cell division that produces daughter cells with half the number of chromosomes of the 
parent cell. It produces gametes. In gametes the chromosomes are not in pairs. The diagram below right 
shows the process of meiosis.  

 In humans, meiosis occurs in the ovaries for 
females and in the testes for males. It produces the 
egg and sperm cells. In fl owering plants, meiosis 
produces the male sex cells that are found inside 
pollen grains and the female sex cells that are 
inside the ovules in the ovary of the fl ower (see the 
fi gure below left).  

 When meiosis occurs, it is pure chance how the 
chromosomes will be divided between the gam-
etes. In the fi rst half of meiosis chromosomes 
line up in the middle of the cell in matching pairs 
(homologous pairs). In each homologous pair 
one chromosome was inherited from the mother 
(maternal chromosome) and the other was inher-
ited from the father (paternal chromosome). When 
the homologous pairs separate, chance deter-
mines which cell will end up with the maternal 
and paternal chromosome from each pair. Since 
humans have 23 pairs of chromosomes, there are 
2 23  or 8 388 608 different ways that the chromo-
somes can be divided. That means that a man can 
produce 8 388 608 different types of sperm cells 
and a woman can produce 8 388 608 types of egg 
cells (although she will never actually produce 
that many!). That number is further increased by 
the fact that chromosomes can swap sections when 
they are in homologous pairs. This introduces a 
further source of variation. 
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  Meiosis 
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  The male sex cells are inside the pollen grains 
on the anthers and the female sex cells are in 
the ovules. 
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11.3.3 Fertilisation
At fertilisation a male and a female gamete combine, so the fertilised 
egg (a zygote) has a diploid number of chromosomes. Half the chromo-
somes in the zygote come from the sperm cell that fertilised the egg — 
the paternal chromosomes. The other half were in the nucleus of the egg 
cell — the maternal chromosomes. The chromosomes in the zygote will 
then be copied each time mitosis occurs, so that all the body cells will end 
up with a copy of the chromosomes that were present in the zygote. That 
means that in each of the cells in your body you have 23 chromosomes 
you inherited from your dad and 23 from your mum. For each character-
istic that is genetically determined you have two bits of DNA that code 
for the polypeptide that contributes to that characteristic: one from your 
mum and one from your dad.

11.3.4 Girl or boy?
The cells of women have two X chromosomes, so in the ovaries, mei-
osis produces egg cells with one X chromosome. The cells of men 
however, contain one X and one Y chromosome, so when meiosis 
occurs in the testes some of the sperm cells contain an X chromosome 
and others contain a Y chromosome. The sex of a baby is determined 
by the type of sperm cell that fertilises the egg. An egg fertilised by 
a sperm containing an X chromosome results in a baby girl. If the 
sperm contains a Y chromosome a baby boy is produced.

You are a product of both 
meiosis and mitosis.

22 pairs of autosomes and 
1 pair of sex chromosomes

X YX

X X X Y

X

X X X Y

22 pairs of
autosomes

and 1 pair of
sex chromosomes

(XY)

22 pairs of
autosomes

and 1 pair of
sex chromosomes

(XX)

Father’s body cells

Meiosis

Fertilisation

Sperm

Mother’s body cells

Meiosis

Fertilisation

Ova

Sex determination in humans
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11.3.5 Sex selection
There are thousands of folk legends about how to select the sex of a child: for a boy, eat meat, salty food, 
and drink cola; for a girl, stick to fish, vegetables and sweets. These legends are not supported by scientific 
evidence. In fact, once a human ovum has been fertilised the sex of the baby is determined. The mother’s 
diet during pregnancy has no effect at all on the sex of the baby.

There are instances where sex selection may be important for medical reasons. If the mother is a carrier 
for a sex-linked genetic disorder a couple may wish to avoid giving birth to a baby boy, for example.

Today it is possible to sort sperm containing X chromosomes from those containing Y chromosomes, 
although not with 100 per cent accuracy. Combining this with artificial insemination or IVF techniques, 
couples can increase the chances of having a child of the sex of their choice. Using this technology to 
decrease the chance of producing a child with a serious genetic disorder raises ethical issues. Even more 
controversial is the use of the technology to increase the chance of producing a child of a particular sex for 
no medical reason.

INVESTIGATION 11.1

Modelling mitosis and meiosis
AIM: To create a model and meiosis

You will need:
paper or cardboard
markers
pipe cleaners of 2 colours
digital camera or phone

• Using the diagrams on the previous pages and the animations in your Resources tab as a guide, model the 
process of mitosis in a cell containing 2 pairs of chromosomes.
 – The pipe cleaners represent chromosomes. Use one colour for the maternal chromosomes and the other 
colour for the paternal chromosomes.

 – Draw the cell membrane and any other important detail on the paper or cardboard.
• Take a photo of each step involved, then organise your photos into a flowchart with captions for each 

step.
• Repeat the same procedure to create a model of meiosis.

Discussion
1. What are the advantages of using models such as these in Science?
2. What were some of the limitations of your model (are there things you could not show clearly; was your 

model misleading in any way)?
3. Some animations of mitosis and meiosis are available from the weblinks in your Resources tab. What are 

the advantages of using animations rather than static models to demonstrate the processes involved in cell 
division?

Boy or girl? Should parents have the right to choose?
For some Australian couples the desire for a baby of a particular gender is so strong that they are willing 
to pay large amounts of money to have IVF treatment overseas. In the US it is legal to use IVF for sex 
selection. Eggs from the mother and sperm from the father are combined in a dish. Embryos are produced 
and then tested to find out if the embryos are male or female. If the couple prefers to have a girl, one or 
more female embryos is implanted. The use of IVF for sex selection is banned in Australia. Should it be 
legal?

UNCORRECTED P
AGE P

ROOFS



TOPIC 11 Genetics 417

c11Genetics Page 417 01/11/17  3:07 AM

HOW ABOUT THAT!

The sex of reptiles
In some reptiles sex is not determined by chromosomes, but by the environment surrounding the egg. For many 
reptiles, the main factor determining sex is the temperature of the egg at a critical period during development. 
In one species of Australian lizard (Bassiana duperreyi) chromosomal sex determination occurs, but it can be 
overridden by temperature and egg size!

11.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Copy and complete the following paragraphs using the words from the list below.

four; half; haploid; same; two
During mitosis one parent cell gives rise to __________ daughter cells that have the __________ number of 
chromosomes as the parent cell.
During meiosis, one parent cell gives rise to __________ daughter cells that have __________ the number of 
chromosomes compared to the parent cell. The daughter cells are __________ , not diploid.

2. Copy and complete the following sentences using words from the list below.
23; 23; 46; embryo; females; ovum; parents; sperm; zygote.
(a) ________ produces gamete (ova) containing _______ chromosomes.
(b) Males produce gametes (_________ cells) containing _________ chromosomes.
(c) One sperm fertilises an _______ to form a _________ with _________ chromosomes.
(d) The _______ grows and develops into a new individual with traits from both ________.

3. Match each of the terms below with its definition.

4. Outline why cell division takes place.
5. What are telomeres?
6. Explain why researchers are interested in finding out more about telomerase.

Terms Definitions

(a) Gametes (i) The number of chromosomes in normal body cells

(b)  Haploid 
number

(ii)  A type of cell division that produces cells with half the 
number of chromosomes of the parent cell

(c)  Diploid number (iii) Sex cells

(d) Fertilisation (iv)  A type of cell division that produces cells with the 
same number and type of chromosomes as the 
parent cell

(e) Mitosis (v) The number of chromosomes in gametes

(f) Meiosis (vi) When a female and male sex cell combine

Reptile Cold 20–27 °C Warm 28–29 °C Hot > 30 °C

Turtle Male Male or female Female

Crocodile Female Male Female

Lizard Female Male or female Male

Temperature control of sex in some reptiles
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7. Compare and contrast mitosis and meiosis using the following table.

Think
8. Explain why gametes need to have half the number of chromosomes of normal body cells.
9. Use labelled diagrams, or a series of diagrams to distinguish between:

(a) chromosomes and chromatids
(b) maternal and paternal chromosomes
(c) fruit fly gametes and fruit fly somatic cells.

10. The diagrams at right show bluebell cells at various 
stages of mitosis. If picture A is the first stage, put the 
other pictures in the correct order.

11. Explain why a woman’s diet during pregnancy cannot 
possibly affect the sex of her baby.

12. ICSI is a type of reproductive technology where a 
sperm cell is inserted into an egg cell outside the 
body to produce a zygote. The zygote goes through 
a number of cell divisions outside the body, then is 
inserted into the uterus where it will hopefully implant 
and develop into a baby.

   At a fertility clinic a technician found that when carrying 
out this procedure she tended to produce more male 
babies than the other technicians. When she was 
observed it was noted that she tended to select sperm 
cells that were floating higher up in the semen sample 
whereas the other technicians were more random.
(a) Explain why the sperm cell, rather than the egg cell determines the sex of the baby.
(b) The Y sex chromosome is smaller than the X sex chromosome. Suggest why selecting sperm cells 

floating higher up in the semen sample might be more likely to produce male babies.
13. Discuss whether a couple should be allowed to choose the sex of their baby.
14. Deduce the impact of global warming on the ratio of male to female turtles. How might this impact on the 

survival of turtle species?
15. Use the Mitosis and meiosis interactivity in the Resources tab to test your knowledge of different 

processes of cell division, and challenge yourself to see if you can differentiate between them.
16. To find out more about cell division use the Mitosis and the Meiosis weblinks in the Resources tab.

Mitosis Meiosis

Number of daughter cells produced

Number of chromosomes in 
daughter cells compared with  
parent cell

For growth and development? 
Yes/No

For reproduction? Yes/No

Mitosis in bluebell cells. What is the 
sequence of stages shown?

A B

C D

 Try out this interactivity: Mitosis and meiosis (int-0680)

 Explore more with this weblink: Mitosis

 Explore more with this weblink: Meiosis

 Complete this digital doc: Worksheet 11.2: Mitosis (doc-12807)

 Complete this digital doc: Worksheet 11.3: Meiosis (doc-12808)
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11.4 It all started with peas
11.4.1 The start of an idea
It is not uncommon today for couples to visit a genetic counsellor so they can find out the chance of 
giving birth to a child with a particular genetic disorder. Our understanding of the patterns of inheritance 
of genetic disorders and other characteristics started with experiments involving peas. These experi-
ments were carried out by Gregor Mendel, an Austrian monk, about 150 years ago. The findings made 
by Mendel have since been built on by other researchers. Today’s leading edge genetics research had very 
humble beginnings.

Mendel was the first person to suggest how individual traits 
were inherited. He grew peas and had the idea of looking at 
just one trait at a time; for example, whether the pea plant had 
green pods or yellow pods. Mendelian genetics is the analysis 
of the inheritance of a trait that is controlled by a single gene. 
His model allowed accurate prediction of the features of the 
offspring of a particular cross.

Mendel’s experiments with peas were well designed for a 
number of reasons:
 • He used peas. This was a good choice because peas grow 

quickly and many generations of pea plants can be grown 
in a relatively short time. Imagine if he had used elephants 
instead of peas! He would have been waiting a very long 
time for the next generation.

 • He controlled which plants were crossed. The diagram below 
right shows how Mendel did this.

 • He used a very large number of plants.
 • The pea plants he started with were pure breeding — he used 

plants that were descendants of plants that had shown the char-
acteristic he was interested in for many 
generations. A pure breeding purple flow-
ered plant is the descendant of a long line 
of purple flowered plants, for example.
Mendel did his breeding experiments at a 

time when computers and calculators were 
not available. He recorded his observations 
meticulously by hand. More importantly he 
used mathematics to analyse his results. 
When he processed his results he discovered 
some interesting patterns. For example he 
found that when pure breeding tall plants 
were crossed with pure breeding short plants 
all the plants produced (the F1 generation) 
were tall. When the plants in the F1 genera-

tion were crossed though, 1
4

 of the plants 

produced (the F2 generation) were short and 
3
4

 were tall.

Gregor Mendel

Transfer of 
pollen with 

a brush

Mendel transferred pollen from the stamen of a white flower 
to the pistil of a violet flower.
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 The diagram at right shows some of the characteristics 
Mendel studied. He found similar patterns in the data he col-
lected for all the characteristics he studied.  

 Gregor Mendel published his fi ndings in a German journal 
rather than in one of the more widely read English journals. 
Mendel was not known within the scientifi c community of 
the time and the concepts he presented were too complex for 
many people to understand, so the ideas he presented were 
not initially accepted. It was not until after he had died that 
his work was rediscovered and its signifi cance understood. 
His original paper was translated into English and his experi-
ments were repeated. 

 In the days of Mendel DNA and genes had not yet been 
discovered, but he understood that something must be passed 
on from one generation to the next for characteristics to be 
inherited. He called these factors. He proposed that each 
parent passed on half its factors to each offspring and that 
certain factors were dominant over others. 

 11.4.2 Modern day terminology 
 We now know that what we inherit from each parent are chromo- 
somes containing genes. There are different versions of genes; 
these are called alleles. So in pea plants tall and short are two 
alleles for a particular gene. Since each of our cells contains 
23 pairs of matching chromosomes, we have two sets of DNA 
instructions for each characteristic. For some characteristics 
the DNA instructions are the same. We have inherited the same allele from each parent. For other char-
acteristics we have inherited a different set of instructions (a different allele) from each parent. By pure 
chance, all the characteristics that Mendel investigated were of the type where one allele is dominant and 
the other is recessive. The dominant allele masks the effect of the recessive allele. A pea plant that has 
a copy of the yellow seed allele (dominant) and the green seed allele (recessive) produces yellow seeds. 
This is the case for many human characteristics as well. In some instances two different alleles produce a 
blending effect, or both alleles might be expressed. White carnations 
crossed with red carnations produce pink carnations. 

 Two terms that are now frequently used when talking about inher-
itance are homozygous and heterozygous. Mendel used true breeding 
plants in his experiments. We now know that these plants had two 
copies of the same allele for the characteristic he was studying. 
Homozygous is a term used to describe organisms that have two 
copies of the same allele whereas heterozygous organisms have inher-
ited a different allele from each parent. 

 The genotype of an organism shows the alleles of an organism for a 
particular characteristic. The genotype RR tells us a pea plant has two 
copies of the allele for round seeds whereas Rr indicates it has a copy 
of the allele for round seeds and a copy of the allele for smooth seeds. 
The phenotype of an organism describes the actual characteristic. 
Plants with the genotypes RR and Rr have the same phenotype — 
they have round seeds. 

Dominant trait Recessive trait

Stem length

Seed 
(cotyledon)
colour

Seed 
(cotyledon)
shape

Seed 
coat colour

Pod 
texture

Pod 
colour

Flower 
position

tall

yellow

round

grey

in�ated

short

green

constricted

green yellow

�owers at top of stem�owers along length of stem

wrinkled

white

  The characteristics Mendel investigated 
in his experiments 
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From Mendel to punnett squares
Reginald Punnett was a supporter of Mendel’s ideas. He designed a special type of diagram called a pun-
nett square that is still used today to predict the outcome of a genetic cross. Some conventions (rules) apply 
when drawing a punnett square:
 • A capital letter is used to represent the allele for the dominant trait (e.g. T for tall).
 • The same letter (but lower case) is used to represent the allele for the recessive trait (e.g. t for short).
 • If neither allele is dominant, different letters are used to represent them and upper case is usually used.

Examples of punnett squares are shown below.

Tt × Tt

T t

TT Tt

Tt

T

t tt

Punnett square 2: the 
heterozygous tall plants 
from the previous punnett 

square are crossed. 
1
4

 of offspring will have 

genotype TT, 1
4

 will 

be tt and 1
2

 will be Tt. 

In terms of phenotype 3
4

 

of the plants will be tall 

and 1
4

 short.

TT × t t

T T

Tt Tt

Tt

t

t Tt

Punnett square 1: cross 
between a pure breeding 
tall plant and a pure 
breeding short plant. All 
offspring will have the 
genotype Tt and the 
phenotype tall.

The short pea plant on the 
right has the genotype tt. 
The tall plant on the left 
may be TT (homozygote) or 
Tt (heterozygote).

11.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Which plants did Gregor Mendel study? Why did he choose these plants?
2. What do F1 and F2 mean?
3. Distinguish between:

(a) a dominant and a recessive trait
(b) a homozygous and a heterozygous organism
(c) genotype and phenotype.

4. In a punnett square how are the following represented:
(a) the allele for a dominant trait
(b) the allele for a recessive trait?
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INVESTIGATION 11.2

How different are we?
AIM: To investigate some of the differences in the phenotype of students
• Copy and complete the table below. You may need to refer to the pictures on the next pages to work out what 

each characteristic means. You will need data for all students in your class to answer the questions. Using a 
G-doc spreadsheet or similar is an efficient way of collating the class data.

11.5 Different in so many ways
11.5.1 Dominance in alleles
Look around your classroom. Human beings differ in many ways. Many of these differences are the results 
of the genes we have inherited from our parents, but the environment we have been exposed to since fertil-
isation also has a role to play.

 Complete this digital doc: Worksheet 11.4: Mendel’s experiments (doc-12809)

 RESOURCES— ONLINE ONLY

Skill builder
5. Mendel crossed some pure-breeding (homozygous) short pea plants with some pure-breeding tall pea 

plants and noted how many of the plants produced were short.
(a) Identify the independent variable in Mendel’s experiment.
(b) Identify some variables that Mendel would have needed to control in this experiment. (Hint: What else 

might affect the height of pea plants apart from their genotype?)
(c) Explain why it was important for Mendel to use many pea plants.
(d) Justify why it was important for Mendel to control which plants were crossed.
(e) Imagine that computers and the internet had been available in Mendel’s time. Evaluate the impact this 

would have had on his research and the acceptance of his ideas.
6. Mendel had pure-breeding yellow seed (a dominant character Y ) and pure-breeding green seed (recessive y ) 

pea strains.
(a) Draw up a punnett square representing a cross between heterozygous yellow seed peas.
(b) What are the ratios of the genotypes and phenotypes of the offspring?

7. In pea plants red flower colour is dominant over white flower colour. A red-flowered plant with
8. genotype RR is crossed with a white-flowered plant with genotype rr.

(a) What are the genotypes and phenotypes of the plants raised from their seeds?
(b) Use a punnett square to perform a cross between two heterozygous red plants with genotyper ). What 

are the ratios of the different phenotypes?
9. When red carnations are crossed with white carnations, pink carnations are produced. Neither the red nor 

pink flower colour is dominant. The genotype for red flowers is RR, white is WW and pink is RW.
10. Use a punnett square to predict the chance of producing a pink-flowered plant when:

(a) a plant with red flowers is crossed with a plant with pink flowers
(b) 2 plants with pink flowers are crossed.

Name of student Feature present Feature absent

Widow’s peak?

Can roll tongue?

Right thumb over left when clasping hands?

Cleft chin?

Right handed?
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Discussion
1. Add a column to your 

table and enter the 
number of students 
in your class who 
have each feature 
(e.g: the number of 
students who have a 
widow’s peak).

2. Calculate the 
percentage of 
students in your 
class who have 
each feature.

3. Construct a column graph showing 
the percentage of students with 
each feature.

4. A widow’s peak, cleft chin 
and freckles are dominant 
traits whereas attached 
earlobes is a recessive trait. 
Does the data from your class 
suggest that dominant traits are 
more common? Explain why 
dominant traits may not necessarily 
be more common in a population 
than recessive traits.

Name of student Feature present Feature absent

Ear lobes attached?

Freckles?

Gap between front teeth?

Hair naturally straight?

Colour blind?

Do you have a widow’s peak (left) or a straight hairline (right)?

Do you have a gap between your front teeth?

When you clasp your hands, is 
your right or left thumb on top?

Do you have a smooth or cleft 
chin (shown below)?

Are your ear lobes attached (left) or detached (right)?
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 The inheritance of many human 
features works in a similar way to 
the inheritance of the characteristics 
Mendel studied in peas. For example, 
you might inherit the same allele of 
the tongue-rolling gene from both 
parents and end up being a tongue 
roller. For some characteristics 
you might inherit a different allele 
from each parent. You could inherit 
the allele for a cleft chin from one 
parent and the allele for a smooth 
chin from the other parent. If one 
trait is  dominant  over the other it 
wins out. It is expressed even if you 
have only one copy. A cleft chin is 
a dominant feature, so if you inher-
ited the cleft chin allele from one of 
your parents you would end up with 
a cleft chin. You need to remember 
though that your parents may dis-
play a dominant feature, such as a 
cleft chin, but they themselves may 
have only one copy of that allele. So 
that allele may not necessarily have 
ended up in the gamete from which 
you were created, and thus may not 
have been in the cells that make up your body. The following diagram shows how a man and a woman who 
have a cleft chin can end up with a child with a smooth chin.  

X

X

x

x

Father

Cleft chin

Cleft chin Cleft chin Cleft chin Smooth chin

Sperm
cells

X X X x

X x

X x

X x

Mother

Possible
children

= Cleft chin (dominant) = Smooth chin (recessive)

Cleft chin

Egg
cells

x X xx

  A man and a woman who both have a cleft chin can have a child 
with a smooth chin. 

Can you roll your tongue? If you cannot see the number 74 in the 
picture below you could be colour blind.
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11.5.2 The Human Genome Project
In 1990 an international collaboration project aimed at identifying all the genes in human DNA began. The 
project was coordinated by the US Department of Energy and National Institute of Health. Australia con-
tributed to the project. In 1995 a facility for DNA sequencing was established in Australia (the Australian 
Genome Research Facility Ltd).

It was expected to take about 15 years to determine the sequence of about 3 billion bases, then identify 
all the genes in human DNA. Over the duration of the project significant technological advances were made 
and processes that were slow and laborious at the beginning of the project could be carried out in a fraction 
of the time a few years later. With laboratories in various parts of the world working on the same project, 
technological advances made by one team could be shared with other teams and this contributed to the speed 
with which techniques evolved. A map cov-
ering almost all the gene-containing regions 
of the genome was announced in 2003, on 
the fiftieth anniversary of the publication of 
the structure of DNA. Work is continuing 
to gain further understanding of the instruc-
tions coded in the genome.

One of the positive outcomes of the 
Human Genome Project is that researchers 
can now identify the genes responsible for 
particular genetic disorders in a fraction of 
the time it used to take. Also, more than 
2000 genetic tests are now available to 
diagnose diseases. As we make more sense 
of the information revealed by the Human 
Genome Project it is likely that further 
advances will be made and new products 
will continue to be developed.

11.5.3 The environment matters too!
Our appearance, personality and many aspects of our health are affected by our genetic make-up, but what 
happens to us throughout our life can also have a large impact on the way we look and behave, as well as 
how our body functions. Your height and weight are determined by a combination of genetic factors as well 
as the food you eat. Type 2 diabetes (the type of diabetes that usually starts in middle age or later) tends 
to run in families. Certain alleles increase your chance of getting this type of diabetes, but regular exercise 
and a healthy diet can delay its onset even in genetically predisposed individuals. Any non-genetic factor 
that influences the phenotype of an individual is referred to as an environmental factor. That can include 
things such as exposure to pollution, temperature, diet, the amount of water available.

Twins are often used in studies that attempt to tease out whether environmental or genetics factors 
are more important in determining particular characteristics. Identical twins form from the same zygote 
splitting into two. They are genetically identical. Differences between identical twins are the result of 
environmental factors. Fraternal twins form from two different zygotes. Two different eggs are each 
fertilised by a different sperm cell, so fraternal twins are genetically no more similar than any pair of 
siblings. A researcher trying to determine if a disease has a genetic basis might analyse data and calcu-
late the incidence of the disease in individuals whose fraternal twins have the condition, then compare 
this to data for identical twins. Twins that are of particular interest to researchers are identical twins 
that were separated soon after birth as they have been exposed to different environmental conditions for 
most of their life.

One of the aims of the Human Genome Project was to 
sequence the bases in human DNA.
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INVESTIGATION 11.3

How does the environment affect phenotype?
AIM: To investigate how the environment affects phenotype

You will need:
10 seedlings grown from cuttings of the same plant
potting mix
2 small pots
• Plant five of the seedlings in pot A and the other five in pot B.
• Place pot A in a dark cupboard and pot B near a window.
• Leave the plants undisturbed for two weeks. Water both pots when necessary. Ensure you use the same 

amount of water for both plants. After two weeks compare the plants in both pots.

Discussion
1. Copy and complete the following table.

2. Explain how you calculated the average number of leaves and the average height of the seedlings.
3. In this experiment:

(a) what is the independent variable
(b) what is the dependent variable
(c) which environmental factors were controlled?

4. Why is it important to use seedlings grown from cuttings of the same plant for this experiment?
5. Why were five seedlings planted in each pot?
6. Explain why this experiment demonstrates that environmental factors play a part in determining the 

phenotype of an organism.

Pot A Pot B

Number of seedlings that are still 
alive

Colour of leaves

Average height of seedlings

Average number of leaves per 
seedling

11.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Are the following true or false? Correct any false statements.

(a) Recessive traits are very rare.
(b) Phenotype depends only on the genetic make-up of an organism.
(c) If you have two copies of an allele for a recessive trait the trait will be expressed.

Think
2. The Human Genome Project was coordinated by the US Department of Energy and National Institute of 

Health but it involved teams of scientists and research facilities from around the world.
(a) What was the purpose of the project?
(b) Why was it necessary to involve teams from around the world for this project?
(c) Discuss the advantages and disadvantages of making a project international for the country leading the 

project.
(d) What would be the benefits and disadvantages of participating in an international project for the 

countries that are not leading the project?
(e) Outline two medical advances that are ‘spin-offs’ from the Human Genome Project.
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3.   Copy the Venn diagram at right into your book and use it to 
classify  the list of characteristics according to whether they are 
genetically determined, environmentally determined or both.   

4.   Schizophrenia is a mental illness. For identical twins, if 
one twin has schizophrenia there is about a 47 per cent 
chance that the other twin will also have the disease. For 
fraternal twins the chance is only 14 per cent.  
(a) Explain  how this data supports the idea that 

schizophrenia is caused by a combination of genetic 
and environmental factors.  

(b)   Study the diagram at right.   
(i) Interpret  the diagram. What does it show?  
(ii) Assess  whether the data shown in the diagram 

at right support the idea that schizophrenia is 
genetically determined.      

5. Propose  how IQ test results from fraternal and identical 
twins might be used to determine to what extent 
intelligence is genetically determined.  

6.   Use the table below to answer the questions 
that follow.  

(a)    Find the probability (chance) of Sally (who is homozygous for dwarf stature) and Tom (who has average 
stature) having a dwarf stature child.  

(b)   Find the probability of Fred (who is heterozygous for dwarf stature) and Suzy (who has average stature) 
having a dwarf stature child.  

(c)   What is the chance of two parents who are both heterozygous for free ear lobes having a child with 
attached ear lobes?  

(d)   Michael is heterozygous for mid-digital hair, whereas Debbie does not have mid-digital hair. What is the 
chance of their children having mid-digital hair?    

  An increased risk of some disorders in 
people in the northern hemisphere is linked 
to their date of birth. 

Environmentally
determined

Genetically
determined

  Characteristics:  

(a)   Widow’s peak  

(b)   Scar on face  

(c)   Short sightedness  

(d)   Weight  

(e)   Ability to speak French  

(f)   Height  

(g)   Freckles  

(h)   Eye colour  

(i)   Skin colour  

(j)   Ability to roll tongue   

 Dominant trait  Recessive trait 

 Free ear lobes  Attached ear lobes 

 Mid-digital hair present  Mid-digital hair absent 

 Normal skin pigmentation  Pigmentation lacking (albinism) 

 Non-red hair  Red hair 

 Rhesus positive  
(Rh +ve) blood 

 Rhesus negative  
(Rh −ve) blood 

 Dwarf stature (achondroplasia)  Average stature 

 Widow’s peak  ‘Straight’ hairline 
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11.6 DNA: the blueprint of life
11.6.1 The race for the double helix
You have probably heard about DNA being used as evidence to convict criminals, or to show that a man is 
the father of a child. It is difficult to imagine that 100 years ago not a great deal was known about DNA. In 
fact the structure of DNA was only discovered in 1953. This discovery had a huge impact on biology and 
society as a whole.

In the early 1950s the race was on to discover 
the structure of DNA. Quite a few clues were 
available. DNA had been successfully extracted 
from the nucleus of cells, and biologists knew that 
chromosomes contain DNA. In 1929, Phoebus 
Levene had shown that DNA was made up of 
repeating units called nucleotides. Each nucleo-
tide consists of three parts: a sugar, a phosphate 
group and a nitrogenous base. He had worked out 
that there were four different bases: adenine (A), 
thymine (T), guanine (G) and cytosine (C). 

In 1950, Edwin Chargaff discovered that in a 
DNA molecule the amounts of thymine and ade-
nine are always the same, and the amounts of 

7. People often talk of brown eyes being dominant to blue eyes, but the inheritance of eye colour is complex. 
There are three major eye-colour genes, two on chromosome 15 and one on chromosome 19. An unknown 
number of other genes play a lesser role, making it possible for two blue-eyed parents to produce a brown-
eyed baby. The following table gives a simplified account of the effect of the main three genes.

  How might brown-eyed parents produce a blue-eyed baby? (Hint: Work out combinations of the parent’s 
alleles first, i.e. Cc.)

Investigate
8.  Investigate one of the genetic conditions listed below. Briefly describe the disease. Is it dominant or 

recessive?
  Huntington’s disease, Tay-Sachs, cystic fibrosis, fragile X syndrome, PKU
9. Find out about Dr Neubauer’s research on identical twins separated at birth. Assess whether this type of 

research is ethical and whether it has the potential to benefit society.
10. Find out more about the Human Genome Project. What are some of the implications of the project?

Chromosome location Name of gene Possible alleles

15 Bey1 Central brown (C) dominant to ‘not brown’ (c)

15 Bey2 Brown (Br) dominant to blue (br)

19 Gey Green (G) dominant to blue (g)

 Complete this digital doc: Worksheet 11.5: Dominant and recessive (doc-12810)

RESOURCES — ONLINE ONLY

Phosphate

Pentose

sugar

Nitrogenous

base

(A, T, C or G)

A nucleotide
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cytosine and guanine are also the same. What was missing was an understanding of the structure of DNA, 
a model that would show how the pieces connected.

An important clue to this puzzle was provided by an X-ray diffraction picture taken by Rosalind Franklin. 
The picture, shown to Watson and Crick without Franklin’s knowledge, provided important information 
about the shape of the DNA molecule. Watson and Crick hypothesised that the DNA molecule had the 
shape of a double helix. They constructed a model that showed that a DNA molecule was like a twisted 
ladder. The sides of the ladder are made up of alternating sugars and phosphate units. The steps of the 
ladder consist of nitrogenous bases. Each step is made up of two bases and the bases are attached to the 
sugar units that are part of the sides of the ladder. The reason that there is always the same amount of A 
and T and C and G is because that is the way the bases pair up in the DNA molecule. There is always an 
adenine base opposite a thymine base and a cytosine base opposite a guanine base. Understanding this was 
very important because it helped explain how identical copies of DNA molecules can be produced when 
cells divide.

Rosalind Franklin took this X-ray diffraction picture 
of a molecule of DNA. It gave important clues 
about the shape of the molecule.

James Watson and Francis Crick with their model 
of a DNA molecule

Sugar 
phosphate
backbones

Paired 
bases

One 
nucleotide 
is made up 
of a sugar 
phosphate
linked to 
a base.

DNA double helix

G C
...

G C
...

G C
...

C G
...

T A
...

T A
...

A T
...

A T
...

A T
...

A T
...

C

A

In a DNA molecule, nucleotides are 
linked together in different orders to 
make up a single strand of DNA, then 
each strand is bonded to a second 
strand to form double-stranded DNA.
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 11.6.2 Unravelling the code 
 Our DNA codes for many of the characteristics that make us who we 
are, but how does it work? How does a chemical molecule inside the 
nucleus of cells control features such as height, eye and hair colour 
and our likelihood of developing certain diseases? It has to do with 
proteins!  

 An organism’s DNA contains the instructions for making all the pro-
teins that it needs to keep it functioning properly. The instructions are 
in the form of a code that has to do with the sequence of bases in the 
DNA molecule. Only one strand of the DNA molecule is ‘read’. A par-
ticular sequence of bases along the DNA molecule is the start of the 
code for making a particular polypeptide (proteins are made from one 
or more polypeptides). From that point on, the code is read by looking 
at the sequence of bases in groups of 3. Each set of 3 bases is called 
a triplet. Each triplet codes for a particular amino acid. There is some 
repetition since 4 bases can organise themselves in 64 different ways 
and there are not that many different amino acids. 

 In a process called transcription the DNA unzips and one of the 
strands of DNA is used as a template to make a molecule called messenger RNA (mRNA). This mol-
ecule leaves the nucleus and travels to the cytoplasm of the cell where there are structures called ribo-
somes. These are involved in making proteins. 

 INVESTIGATION 11.4 

 Working with DNA 
  AIM:  To extract DNA from ground wheatgerm 

  You will need:   
1 teaspoon of fi nely ground wheatgerm  
14 mL of isopropyl alcohol (or equivalent)  
1 mL of liquid detergent  
20 mL of hot tap water (50–60 °C)  
test tube  
measuring cylinders  
rubber stopper  
test-tube rack  
Pasteur pipette and bulb  
glass stirring rod  
•   Draw a table in your book, allowing room for observations in the form of a diagram: immediately after adding 

the alcohol; at 3- and 15-minute intervals; and then after you have collected and removed the DNA.  
•   Add the wheatgerm and hot water to a test tube. Twist the stopper in and shake for 3 minutes.  
•   Add 1 mL of detergent and mix gently with the glass rod for about 5 minutes. Do not create foam.  
•   If you do create foam, suck it out with the Pasteur pipette.  
•   Tilt the tube at an angle and slowly pour in the alcohol so that it sits at the bottom.   

  CAUTION:   DO NOT MIX!   

•   Fill in your observations.  
•   Fill in observations after 3 minutes and again after 15 minutes.  
•   Collect the DNA with the glass rod. Feel it with your fi ngers and make your fi nal observations.   

 Discussion  
1.   What colour did you expect DNA to be? Why do you think it was the colour that you observed?  
2.   How could you confi rm if it really was DNA?   

S G

S

P

S T

P

A

P

Triplet

  The DNA code is read three 
bases at a time. 
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The ribosomes lock on to the mRNA and 
the next step called translation begins. In 
the cytosol of the cell there are molecules of 
transfer RNA (tRNA). Each tRNA molecule 
has an amino acid attached and a particular 
sequence of bases. As the ribosome moves 
along the mRNA molecule, tRNA molecules 
with the corresponding sets of bases bring 
along the amino acid they are carrying. The 
amino acids then link together to form a 
chain of amino acids — a polypeptide chain. 
Further processing will eventually produce a 
protein.   

 The table on the next page can be used to 
determine which amino acid sequence a piece 
of DNA codes for. The table is based on the 
sequence of bases in the ‘sense’ or coding strand of the DNA molecule. Just to make things confusing it is 
actually the other strand (the ‘antisense’) strand that is used as the template to construct the mRNA. Make 
sense?  

 Why are proteins so important? 
 Proteins form parts of cells. The muscle tissue in your heart contains special proteins that can contract, 
enabling blood containing haemoglobin and hormones to be pumped through the body. Haemoglobin is 

Polymerase

Nucleus

Transcription

Translation

mRNA

mRNA

Codon
Ribosome

Amino acid

Polypeptide
chain

tRNA

A
A

A

A

A

A

A

A
A

A

A

A

A

A

A

A

A
G

GGU

G
G

G

G

G

GG

G

G
G

G

G

G
UU U

U

U

U

U

U

UU

U
U

U

U

CCC

C

C
C

C

C

C

C

C

C

C
C

C

C

C

C

  Transcription and translation 

  Transcription 

DNA splits here

Free
nucleotides
used to 
build mRNA
strand

Messenger
RNA strand
(mRNA)

Inside the
nucleus

Cytoplasm
of cell

Ribosomes

Nuclear
pore through
which the
mRNA passes
into the
cytoplasm

Sugar/phosphate strand
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The triplet code

a protein that carries oxygen necessary for respiration. Many hormones are proteins. Hormones, such as 
insulin or adrenaline, influence our cells’ activities. Most enzymes are proteins. Enzymes control meta-
bolic activities such as chemical digestion and respiration. Plants also rely on the action of hormones and 
enzymes for survival. Hormones control the growth of plants and photosynthesis depends on enzymes.

HOW ABOUT THAT!

Hijack
Sometimes the ‘machinery’ used in transcription and translation is hijacked by viruses. Viruses cannot 
reproduce by themselves. Instead, they attach to a host cell, inject their own genetic material into the cell, and 
then use the cell’s machinery to express their genes and make millions of clones of themselves. The cell makes 
millions of copies of the virus’s DNA (or RNA) and the necessary structures of the virus until functioning virus 
particles are assembled. Eventually, the host cell may burst open and die, releasing millions of virus particles to 
infect other cells within the organism.

11.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Outline the contribution made by each of the following scientists to discovering the structure of DNA:

(a) Phoebus Levene
(b) Edwin Chargaff
(c) Rosalind Franklin
(d) James Watson and Francis Crick.

2. List the components of a nucleotide.
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3. If we compare a DNA molecule to a twisted ladder, which components form:
(a) the steps of the ladder
(b) the sides of the ladder?

4. What shape is a DNA molecule?
5. Identify the main type of molecule that genes code for.
6. Which DNA bases pair up together?
7. Copy and complete the following statements:

(a) Polypeptides consist of a string of ____________.
(b) A group of ____________ bases codes for a particular amino acid.
(c) In transcription one of the DNA strands is used as a template to produce a strand of ____________ RNA.
(d) ____________ RNA molecules have an amino acid attached.

8. How do viruses replicate?

Skill builder
9. A number of diagrams in this subtopic include part of a DNA molecule. For each diagram write down one 

piece of information about DNA that is shown in this diagram but not the other diagrams.
10. A strand of DNA has the following bases: AGCTATATCGA. Deduce the bases on the matching 

(complimentary) strand.
11. The bases for two small strands of DNA are shown below. They are the bases for a small section of the 

gene that codes for the manufacture of one of the polypeptides in a protein called haemoglobin.
Strand obtained from person A: CTG ACT CCT GAG
Strand obtained from person B: CTG ACT CCT GTG
(a) Use the table on the previous page to deduce the amino acid sequence that each of the sections of 

DNA shown above will produce.
(b) The amino acid sequence leu - thr - pro - val results in the disease sickle-cell anaemia. Which person 

has this condition?
12. The picture shows a model of DNA that Watson and Crick constructed. Outline some reasons why 

scientists construct models such as the one shown in the picture.

Investigate
13. James Watson (co-discoverer of the structure of DNA) and Craig Venter were both involved in investigating 

the human genome.
14. Find out more about science as a human endeavour by following their two different stories of genome 

exploration, what they have in common, and how and why they clash. Start by clicking on the James 
Watson weblink in the Resources tab.

15. Use the DNA ownership weblink in the Resources tab to watch an interview with James Watson in which 
he raises some interesting issues about the ownership of scientific discoveries that are worth reflecting on 
and discussing with other students.

16. Draw a timeline to show the rate of identification of human genes. A computer database called OMIM  
(On-line Mendelian Inheritance in Man) keeps a regular update. Use the OMIM weblink in the Resources tab 
to access the OMIM website.
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11.7 Mutations
11.7.1 Making exact copies
Earlier in this topic we saw that in order for cells to divide, the DNA in the 
nucleus needs to replicate. In most instances the DNA is copied exactly but 
sometimes errors creep in and are not detected.

In mitosis each daughter cell ends up with the same number and type 
of chromosomes as the parent cell. The DNA therefore needs to replicate 
(copy itself) and the new cells need to have identical copies of the DNA in 
the original cell.

DNA replication begins when enzymes ‘unzip’ the paired strands of 
DNA somewhere along the DNA molecule. Each unzipped section of DNA 
serves as a template to start building a complementary strand of DNA. An 
enzyme called DNA polymerase adds matching nucleotides to the exposed 
nucleotides of the unzipped sections. The nucleotides join together and the 
process continues until the whole molecule has been unzipped and comple-
mentary strands have been built on each exposed strand. At the end of DNA 
replication, each double-stranded DNA molecule contains one old and one 
new strand of DNA.

11.7.2 Mutations
The process of DNA replication has a number of check points to detect 
any mistakes that may be made, so that they can be corrected or destroyed. 
Sometimes, however, the mistakes get through this screening process. When 
this happens, we say that a mutation has occurred.

Mutations can happen by pure chance or be due to a particular cause such as ultraviolet radiation or too 
much exposure to X-rays. Any factor that triggers mutations in cells is called a mutagen. The chemicals 
formalin and benzene (which used to be common in pesticides) are examples of mutagens.

Changes in the letters can change a word’s entire meaning. Changes like these in the DNA sequence 
change the ‘meaning’ of the code. Minor mutations in body cells often seem to have no adverse effect. The 
body’s immune system usually recognises the changed cells and destroys them quite readily.

However, in some cases the 
mutation has a more severe 
effect. A necessary enzyme, 
for example, is not made or 
a faulty version is produced. 
Too much or too little of a 
particular protein could be the 
problem. In cases of hereditary 
haemochromatosis a faulty 
gene affects the production of 
a protein that is involved in 
regulating iron levels in blood. 
People who have this condi-
tion may have elevated iron 
blood levels which can lead 
to damage of organs including 
the liver, heart and pancreas.

Polydactyly (having more than 10 fingers and toes) is usually due to a DNA 
mutation.
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A simplified view of DNA 
replication. Each of the 
two strands acts as a 
template for one new 
strand to be produced.
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 Certain mutations result in uncontrolled cell division, which can result in cancerous  tumours . Plants can 
suffer from tumours too. 

 Not all mutations are harmful. Some species of organisms, such as insects, depend on them for sur-
vival. Pesticides may kill the majority of insects sprayed, but there will be some that have slight vari-
ations or mutations in their genes, which give them resistance. The mutated genes are passed on to the 
offspring, who will gain that resistance too. The insects without the resistance will die out. Resistance by 
bacteria to antibiotics occurs in a similar way. While resistance in certain insects may be good news for 
them, resistance to antibiotics in bacteria means it can become very diffi cult to treat diseases caused by 
these bacteria. 

 In humans the sickle-cell mutation can be both detrimental and benefi cial. In this mutation, an adenine 
base is replaced by a thymine base in the gene that codes for one of the haemoglobin polypeptides. Haemo-
globin is a protein found in red blood cells. A person who inherits a copy of the sickle-cell mutation from 
just one parent may have mild anaemia or no symptoms at all. If a copy of the mutated DNA is inherited 
from both parents the result is sickle-cell anaemia. People with this condition have misshapen red blood 
cells. Their red blood cells tend to clump together, get damaged easily and block blood vessels. They expe-
rience pain, swollen hands and feet, tiredness, frequent infections and may also grow more slowly and have 
vision problems.   

 The sickle-cell mutation is harmful 
if two copies of the sickle-cell allele 
are inherited. It can be benefi cial if 
only one copy is inherited though. 
Individuals with one copy of the sick-
le-cell allele are less likely to die 
from malaria. Malaria is a disease 
transmitted by a species of mosquito. 
It is very common in many parts of 
Africa, Asia and South America. The 
micro-organism that causes malaria 
cannot grow as well in the blood of 
people who have one copy of the sick-
le-cell allele. Thus, in this instance, the 
mutation is benefi cial. 

  A misshapen red blood cell caused by sickle-cell anaemia 

  Sickle-cell anaemia: a mutation in a gene causes red blood cells to have an unusual shape. 

DNA sequence    Amino acid
(sense strand)   sequence

...-CTG ACT CCT GAG-...   leu - thr - pro - glu

Appearance of blood cells 
Normal, doughnut-shaped blood cells

DNA sequence    Amino acid
(sense strand)   sequence

...-CTG ACT CCT GTG-...   leu - thr - pro - val

Appearance of blood cells
Sickle-cell shaped blood cells

UNCORRECTED P
AGE P

ROOFS



436 Jacaranda Core Science Stage 5

c11Genetics Page 436 01/11/17  1:04 AM

Passing them on
If someone’s sperm or ovum carries a DNA abnormality, there is a chance of their child being affected. 
Inherited gene and chromosome abnormalities result in genetic disorders. These can be slight, such as 
being red–green colourblind, or more severe, such as haemophilia, a disorder in which blood does not clot.

A chance event
About 1 in 2500 people suffer from a genetic disorder called cystic fibrosis (CF). What is the chance of a 
particular person getting it and why is it important to know?

The faulty recessive CF allele is on chromosome number 7. One amino acid in a chain of 1480 amino 
acids is not produced, causing large amounts of thick mucus to be produced by cells lining the lungs and in 
the pancreas where digestive juices are secreted. The mucus interferes with the working of the respiratory 
and digestive systems. Infection readily occurs and sufferers tend to have a shortened life span.

Since the identification of the defective allele in 1989, the DNA of parents can be analysed to find out if 
they are one of the one in 25 people that carry the defective gene.

Why is knowing whether you are a carrier so important? For parents who are carriers for CF, the chance 
of each child suffering from the disorder is at least one in four.

Counselling can help carrier parents decide whether to take the chance and have a child. If they choose 
to go ahead, genetic testing can determine the genotype of the fetus and therefore whether it does not have 
the condition, is a carrier, or has the condition. What would you choose to do if the fetus had the condition?

A swarm of mutants!
Mutants have been studied extensively by geneticists over the years. They can reveal how various traits are 
genetically controlled, and how they are inherited.

Fruit fly (Drosophila) are often used in genetics studies. They have naturally occurring mutations such 
as orange-eyed, white-eyed, yellow-bodied, ebony-bodied, and finally, the leg-headed fly! The normal fruit 
fly (which is called wild-type) has small antenna consisting of fleshy pads (opposite), while the leg-headed 
fruit fly has antennae shaped like legs — a mutation.

HOW ABOUT THAT!
Today we know that X-rays can cause mutations in cells. Frequent exposure to high doses of X-rays can cause 
cancer and damage to egg and sperm cells. Before the dangers of overexposure to X-rays were discovered it 
was not uncommon for X-ray machines to be found in shoe shops. X-ray images of the feet inside the shoes 
were used to check that the shoes fitted properly.

Normal fruit fly This fruit fly has legs where its 
antennae should be.
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11.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Draw diagrams to outline how DNA replicates.
2. Define the terms ‘mutation’, ‘mutagen’, ‘beneficial’ and ‘detrimental’.
3. Explain how a tumour forms.
  4.   (a)   How common is cystic fibrosis?

(b) Describe the symptoms of cystic fibrosis.
(c) On which chromosome is the allele for CF located?

5. Explain why the DNA mutation that causes sickle-cell disease can be considered both detrimental and 
beneficial.

Think
6. Explain why it is important for DNA to replicate exactly.
7. Why do radiographers wear special protective clothing and use remote controls for taking X-rays?
8. Suggest examples of mutations that increase chances of survival.
9. The sickle-cell allele is a lot more common among people that live in malaria regions. Explain why this 

might be the case.
10. A short section of DNA is shown below.

ATGTTTAGTCCATAA
(a) Use the triplet code table to work out which amino acids this piece of DNA codes for.
(b) In a substitution mutation two bases are switched. If the fourth base (T) was substituted with A, which 

amino acid sequence would it code for?
(c) In a deletion mutation a base is deleted. If the fourth base (T) was deleted, which amino acid sequence 

would it code for?
(d) In an insertion mutation an additional base is added. What would happen if the base A was inserted 

between the fourth and fifth base?
(e) Sometimes bases can be switched around (an inversion mutation). What would happen if the 7th and 8th 

base were switched around?

Investigate
11. Research other examples of mutagens.
12. Eating plenty of brightly coloured vegetables is recommended by health professionals for a number of 

reasons, including the fact that they contain antioxidant vitamins. These vitamins mop up free radicals that 
could damage DNA, resulting in mutations. James Watson, one of the scientists responsible for proposing 
the double helix model of DNA has recently warned people about the risks of taking high doses of 
antioxidant vitamins while undergoing cancer treatment. Find out why by using the Scientists warn against 
vitamins weblink in the Resources tab. Outline the key points made in the article.

13. Use the Breast cancer weblink in the Resources tab to watch a video that explains why women who have 
inherited a particular mutation from one parent have a much higher chance of developing breast cancer. The 
woman in the video may not develop breast cancer, but she has a much higher chance of doing so than the 
average woman. The video explains how environmental factors and genetic factors will eventually determine 
whether she develops breast cancer.
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  11.8  Genetics at work 
 11.8.1 Genetic counsellor 
 Do you fi nd genetics interesting? There are a range of careers where a good understanding of genetic prin-
ciples is necessary. 

 The role of a genetic counsellor is to help people with information about the likelihood of having a child 
affected by a genetic disease. Often a counsellor is consulted if a couple already has an affected child, or if 
there is a family history of genetic disease. 

 Today, greater knowledge of the link between particular  alleles  and disease allows genetic screening. For 
example, some forms of breast cancer are caused by a particular allele. It is possible to check if an individ-
ual’s DNA contains this allele and, if it does, the individual may be able to reduce the risk factors in their 
lifestyle and have more regular screening tests to detect early signs of breast cancer. Genetic counsellors 
often work in hospitals in collaboration with medical specialists. 

    A genetic counsellor obviously needs to understand the principles of inheritance and must have a strong 
interest in health and genetics. Genetics is a rapidly changing area of science, so it is necessary for pro-
fessionals in this fi eld to 
keep up with new knowl-
edge that is being dis-
covered in order to give 
patients current informa-
tion. Another important 
skill for a genetic coun-
sellor is the ability to 
communicate effectively. 
Genetic counsellors have 
to explain complex ideas 
to people who usually 
have not studied genetics 
at university. They also 
need to show compassion 
and empathy towards 
their patients. 

 Pedigree diagrams 
 A  pedigree  diagram is a type of diagram often used by genetic counsellors. It uses special symbols to repre-
sent the individuals in a family and track the incidence of a particular genetic trait in that family.    

 SOME RULES FOR DRAWING PEDIGREE CHARTS  

1.    To show the gender of an individual:       

   a square is used to represent a male 

   a circle is used to represent a female. 
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2.    To show the marriage or breeding relationship between individuals:   

3.    To show the offspring relationships:   

4.    To show carriers of traits, the symbol may have a dot.   

 It is important to note, however, that carriers’ symbols are not always dotted and may appear blank.   

5.    To show which individuals show a particular trait, an individual’s symbol is shaded and this 
information is shown in a key next to the pedigree chart.          

  

 a line connecting the male and female is used to represent a breeding couple or 
marriage. 

  
 a line from the breeding couple/marriage line indicates children. 

 

 For example, an only child (in this case, a daughter) 

  

 or two children (in this case, a daughter and son). 

   male carrier    female carrier   

 male with trait    female with trait   

   female without trait      male without trait 

A  possible pedigree pattern for the inheritance 
of Huntington’s disease, a dominant condition. 
Each child of an affected parent has a 50% 
chance of being affected; so approximately half 
will be affected and half won’t. 

A  possible pedigree pattern for a recessive gene 
such as cystic brosis. Two unaffected parents can 
produce affected children. The parents in this case 
are carriers. 
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11.8.2 Forensic scientist
DNA fingerprinting is one of the pow-
erful new techniques available for crime 
scene investigation. Blood, sweat, 
semen and saliva all contain DNA. 
A DNA fingerprint is created by ana-
lysing the pattern of one kind of DNA 
sequence present. There is little chance 
that this pattern is shared by unrelated 
people.

On TV you’ll see one or two forensic 
scientists running a range of tests; the 
reality is that a whole group of expert 
chemists, biochemists, pathologists and 
physicists might work together to ana-
lyse evidence from a crime scene.

11.8.3 Geneticist
The bulk of the work carried out in 
genetics laboratories deals with genetic 
disorders rather than crime solving. 
While genetic counsellors discuss the 
results of genetic tests with patients, other scientists work behind the scenes to design and carry out 
genetic tests. A type of a test carried out in a genetics laboratory involves a gene probe to find out if an 
individual is carrying the allele for a disease such as cystic fibrosis. A gene probe is a short sequence of 
DNA that contains the complementary bases for the allele responsible for the condition. To do this test, 
a sample of DNA must first be obtained from the individual. The DNA strands are separated and the 
probe is mixed with the sample. If the DNA and the probe pair up it means the individual is carrying 
the faulty allele.

11.8.4 DNA chips
A recent development in the area of DNA testing is the use of DNA chips or DNA microarrays. Rather than 
test a sample of DNA for one gene or a few genes only, it is now possible to test for the presence of a whole 
range of genes at the same time. A new term has been invented to describe the study of a large number of 
genes (in some instances all of an organism’s genes) at the same time: genomics.

A DNA chip has thousands of little spots. In each spot there are DNA probes for a particular gene. Let’s 
say you wanted to compare which genes are switched on in skin cancer cells and healthy skin cells. You 
could extract DNA from both types of cells. All the genes that are switched on in each cell can produce 
the corresponding messenger RNA for the particular sequence of DNA in that gene. The messenger RNA 
can in turn be used to produce single strands of DNA with a fluorescent label. A different colour label is 
added to the DNA produced from the healthy cells and cancer cells. The samples of DNA are then added 
to the DNA chip. Some of the DNA will bind (hybridise) with the gene probes. The DNA that does not 
hybridise is washed off. By comparing the colour of the dots on the DNA chip it is possible to compare the 
genes that are switched on in the healthy cells and the cancer cells. Spots that show only the colour that 
was incorporated into the healthy cell DNA indicate genes that are expressed only in the healthy cells. Both 

To create a DNA fingerprint, first DNA is purified from biological 
material found at the crime scene, and then cut at particular 
sites. Each DNA fingerprint is almost unique, with the chance of 
unrelated individuals sharing a DNA fingerprint being very low.
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colours will show up for genes expressed in both cells and only 
the colour used to tag the cancer cells will show up for genes that 
are expressed only in the cancer cells. The DNA chip is scanned to 
identify exactly which spots show up each colour and thus deter-
mine which gene they correspond to. The data obtained through 
this test can help doctors select the most appropriate treatment to 
target a patient’s cancerous cells. DNA chips are an example of bio-
technology that utilises knowledge uncovered through the Human 
Genome Project.

A DNA chip.

DNA KITS CAN BRING UNWANTED SURPRISES
A Californian company is marketing a DNA test kit for under $100 that can be ordered and registered online. A 
container arrives in the mail for the collection of a spit sample. That sample is then shipped back to the lab for 
testing. The DNA can be tested to determine ancestry and medical information. It can provide information about 
your chance of developing certain diseases and whether you carry a copy of the allele for particular genetic 
disorders.

Sometimes the test reveals unexpected information. Carole Kushnir discovered she had a high risk of 
developing breast and ovarian cancer. She is now having regular tests for breast cancer and she has 
elected to have her ovaries removed. Karen Durrett discovered that the man she thought was her father 
actually wasn’t. She has since met her real father and her half-sister for the first time. Mrs Durrett found 
out that, like Mrs Kushnir, she was carrying the BRCA2 gene which greatly increases the chance of 
developing breast cancer, and a biopsy revealed that she already had breast cancer. Her half-sister also 
had breast cancer.

There are concerns about the DNA test kits. Contamination may occur as the DNA sample is not collected 
by trained staff. The industry is unregulated and there are risks associated with providing complex medical 
information without a doctor or counsellor present.

Source: Philip Sherwell, ‘DNA kits can bring unwanted surprises’, Sydney Morning Herald, 7 January 2013.

11.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe the job of a genetic counsellor.
2. Copy the table below. Using an arrow, link each of these with their correct representation in a pedigree:

Male Marriage

Female Shaded

Affected Dark dot in centre

Carrier Square

Not affected Offspring

Horizontal line Circle

Vertical line Left unshaded
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3. What is a DNA probe?
4. What is a DNA chip? What sort of information can it reveal about 

cells?
5. What causes the coloured dots on the DNA chip?

Skill builder
6. (a)  Refer to the pedigree of the Jones family, in the diagram 

at right. The inheritance of dark hair (D) is dominant to the 
inheritance of red hair (d).

(b) Identify how many females and males are shown in the 
pedigree chart.

(c) How many females have the red hair trait?
(d) Identify the genotype of Maggy’s parents.
(e) Explain how Maggy inherited red hair, when her parents  

did not.
(f) Suggest the genotypes of:

(i) Peter
(ii) Kurt
(iii) George
(iv) Rebecca.

7. The pedigree at right traces the recessive trait of albinism in 
a family. The shaded individuals lack pigmentation and are 
described as being albinos.
(a) List any observations from the pedigree that support 

albinism being a recessive trait.
(b) If the albinism allele was represented as ‘n’ and normal skin 

pigmentation as ‘N’, state the possible genotypes for each 
of the individuals in the pedigree.

8. The pedigree below right traces the dominant trait, a widow’s 
peak, in a family.
(a) List any observations from the pedigree that support the 

widow’s peak being a dominant trait.
(b) If the widow’s peak allele was represented as ‘W’ and the 

‘straight’ hairline as ‘w’, identify the possible genotypes for 
each of the individuals in the pedigree.

(c) If Jo and Mark were to have another child, what would be 
the chance of the child having a widow’s peak?

(d) If Ronnie was to have a child with a man who did not have a 
widow’s peak, calculate the probability that their child would 
have a widow’s peak.

(e) If Norm and Rona were to have another child, calculate the 
probability that they would have a child without a widow’s 
peak.

Think and discuss
9. (a)  Choose which words you think best apply to the work of a 

forensic scientist from the following list of terms:
  imaginative, methodical, biased, thorough, neutral, dangerous.

(b) Make a list of words you think would apply to the other types 
of scientists described above. Do any appeal to you more than 
others? Why?

10. An allele for a particular condition is made up of DNA with the 
following base sequence:

AATCGATCGTTCCAT.

What base sequence would be needed for the probe that will identify this gene?

MaggyGeorge Kurt Peter

Rebecca

Shaded individuals show the 
recessive red hair trait.
Unshaded individuals show the 
dominant dark hair trait.

Roger

Nick Rachael Jo

Suzy Alex Ronnie

Mark Graeme

Liz Norm Rona

ww Ww Ww ww

Sarah

Fred

Joey Lisa Rachel

Monica Brad Amanda

Ross Chandler

Wilma Barney Betty

Phoebe
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11.9 Manipulating DNA
Science as a human endeavour

11.9.1 DNA fingerprinting
Genetics is one of the areas of science where new knowledge is being discovered most rapidly. Watson 
and Crick proposed the double helix model for the structure of DNA in 1953. Since then huge leaps have 
been made in the area of biotechnology. Today it is possible to compare the DNA of individuals and find 
out if they are related. Genes can be cut and pasted from one species to another. With biotechnology 
developing at such a rapid pace it is important for us to stop and think about the ethical implications it 
brings.

DNA fingerprinting is used in forensic investigations and paternity tests. A sample of DNA is collected 
and mixed with enzymes that cut the DNA at particular sites. The mixture of DNA fragments is then sep-
arated using a technique called electrophoresis. The result is a pattern of bands called a DNA fingerprint. 
The procedure is explained in the diagram on the next page.

When a paternity test is carried out, the DNA fingerprint of the 
child is compared to the DNA fingerprint of the man thought to be 
the father. People who are genetically related will have some bands 
in common in their DNA fingerprints.

Paternity testing made the headlines when a woman claimed that 
Justin Bieber was the father of her child. Bieber used a paternity test 
to show he was not the child’s father and sued the woman for making 
the accusations. Paternity testing has also been used in divorce cases 
where estranged husbands have tried to show that children they had 
been supporting financially were not actually genetically related to 
them.

DNA fingerprinting can also be used to compare DNA left at the 
scene of a crime with DNA collected from a suspect. If the pattern 
of bands matches there is a high probability that the suspect was at 
the crime scene. You might wonder how the tiny amounts of DNA 
in a single hair or a drop of blood can provide useful information. 

11. Huntington’s disease is a genetic disorder. Symptoms do not usually appear until middle age. The first signs 
of the disease are slight twitching of the fingers and toes. As the disease slowly progresses, the person 
displays increasingly jerky movements and eventually even speech and swallowing become difficult. A 
genetic test is available for this condition.
(a) Discuss whether you would choose to be tested for the Huntington gene if there was a history of 

Huntington’s disease in your family. Give reasons for your answer.
(b) Assess whether knowing you had the Huntington gene would affect the choices you make in life.

12. Discuss whether it should be illegal for DNA testing kits to be marketed online.
13. Imagine that it was compulsory for people to be tested for a range of genetic conditions and that the results 

were kept in a database that anyone could access for a fee. Evaluate how this would impact on society.
14. Use the DNA chip weblink in the Resources tab to find out what an actual DNA chip looks like.

 Explore more with this weblink: DNA chip

 Complete this digital doc: Worksheet 11.7: Pedigrees (doc-12812)

 RESOURCES— ONLINE ONLY

1 2 3 4 5

Who are the parents of person 4? 
Are persons 1 and 2 related?
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In the late 1980s the Polymerase Chain Reaction (PCR) was developed. It is a technique that amplifi es tiny 
amounts of DNA and copies the DNA so that there is enough to use for the various tests that need to be 
carried out. 

 11.9.2 Cutting and pasting DNA 
 DNA can be manipulated in different ways using  recombinant DNA technology . Sections of DNA can 
be cut using specifi c enzymes and the ‘desirable’ genes of a species inserted into the DNA of the same or 
another species. Plant genes can be inserted into animal cells and animal genes into plant cells. A plant, 
animal or other kind of organism with a foreign gene is known as  transgenic . The foreign gene will behave 
in the same way as it would in its own species. For example, the addition of a gene from phosphorescent 
jellyfi sh to a mouse results in the mouse being phosphorescent. 

 Busy bacteria and insulin 
 Before developments in gene technology, people who had diabetes had to use insulin extracted from the 
pancreas of pigs. Immune reactions sometimes occurred. Now the human gene that codes for the produc-
tion of insulin is inserted into the  plasmids , rings of DNA, of bacteria.

  Making a DNA fi ngerprint 

Separate 
the DNA 
fragments on 
the basis of their 
length, using 
electrophoresis.

Split the DNA into 
single strands 
and transfer 
them onto a 
nylon sheet.

Cut the DNA into fragments 
using restriction 

enzymes, which 
cut at certain base 
sequences they 
recognise.

Immerse nylon sheet in bath 
with DNA radioactive probes. 

Probes bond to the core 
sequences of the 

sample DNA 
fragments.

Expose nylon sheet 
to X-ray fi lm. The 
radioactive probes 
attached to DNA 
fragments show up as 
dark bands.

Collect 
the sample.

Extract the 
DNA from 
the sample.
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The transgenic bacteria and their plasmids 
divide rapidly when cultured in large vats and 
produce large quantities of insulin.

The plant invader
Agrobacterium tumefaciens is a soil bacterium. It 
is able to get inside and infect many plants such 
as vines and fruit trees. In doing so, it transfers a 
tiny piece of its DNA into the host cell. This pro-
grams the host cell to make chemical compounds 
for the sneaky bacterium to feed on. Genetic engi-
neers saw the possibility of using this bacterium 
as a vector to carry the genes they wanted from 
one plant into another.

Other kinds of bacteria and viruses act as 
vectors and carry genetic information from one 
organism (or synthesised to be like that organism) 
to another organism. Vectors can be used to carry 
genes for producing protein in soybean and sun-
flower plants, manufacturing enzymes to control 
chemical processes, and producing compounds 
that keep insects or pathogenic viruses at bay.

Take aim . . . fire!
Recent developments have enabled foreign genes 
to be inserted into plant tissues by shooting them 
in with gas guns! Fine particles of gold are coated 

Plasmid

Plasmid

Gene

Restriction
enzyme

Restriction
enzyme

Human cellBacterium

Bacterium

DNA

1.

3.

4.

2.

DNA

Bacteria can produce human insulin if the insulin gene 
is inserted into the bacterial cells.

Agrobacterium tumefaciens Transformed plant cell

Ti plasmid T-DNA T-DNA

Crown gall

Chromosome Chromosome DNA

(a) (d)(b) (c)

When the bacteria Agrobacterium tumefaciens infects a plant it inserts some of its DNA into the DNA of the 
plant. Geneticists have used this bacterium to insert genes into plant DNA.
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with the DNA and shot into the cells. Some cells are 
killed in the process but some survive, carry out mitosis 
and may develop into complete plants with an altered 
genotype. Many plant crops such as maize and soybean 
have had ‘favourable’ genes added to them in this way.

Biotechnology involving gene technology is a rapidly 
expanding branch of science. Already there have been 
trials of viral-vector nasal sprays to help treat cystic 
fibrosis sufferers with limited success. Some of the 
viruses carried by these vectors penetrate cells lining 
the respiratory tract and insert the ‘normal’ gene into 
those cells. Vaccines against a number of diseases in 
humans and other animals are being investigated. Bio-
technologists are trying to genetically engineer bananas to produce a vaccine against the hepatitis B virus. 
Will genetically engineered vaccines eventually treat diseases such as AIDS?

Should or shouldn’t we?
Is transferring genes wise use of technology? Some people argue that not enough is known about the way 
genes can ‘jump’ the species barrier. Maybe they will end up where they shouldn’t, or they may cause 
problems higher up the food chain. What could be the effect on other species in the environment? Could 
‘foreign’ genes interact with host genes and cause problems? Could viral vectors and genes mutate so that 
they would infect not only the target species but others too?

A medical research laboratory.

11.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the following words with their meanings.

Words Meanings

(a) Transgenic (i)  A pattern of bands obtained when electrophoresis is carried out on a 
sample of DNA that has been cut using restriction enzymes

(b) Host cell (ii) A technique used to separate fragments of DNA of different lengths

(c) Plasmid (iii) Cutting and pasting DNA from one species to another

(d)  Agrobacterium 
tumefaciens

(iv)  A test that determines if a man is the father of a child by comparing the 
DNA fingerprint of the man and child

HOW ABOUT THAT!
Transgenic salmon
A lot of the salmon we eat is farmed salmon. The salmon grows in large tanks until it reaches a certain size and 
is harvested. For salmon farmers there would be great financial benefits if salmon could grow faster. A company 
called AquAdvantage has achieved just that. They have added two genes to Atlantic salmon: one from another 
type of salmon that controls growth hormone production and one from an eel-like fish that allow the salmon to 
survive in near freezing water. The resulting salmon grows much faster than it otherwise would. In the US the 
FDA recently granted approval for the sale of the transgenic salmon. Extensive testing was carried out before 
FDA approval was granted but in the mind of many consumers doubt remains about the safety of the genetically 
modified fish.
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2. Copy and complete the sentences below using words from the list given.
bands; DNA; gene; electrophoresis; human; enzymes; fingerprint; plasmids
(a) To create a DNA __________ you need to obtain a sample of DNA and cut it at particular locations using 

__________ . __________ is then used to separate the pieces of DNA and a pattern of __________ is 
obtained.

(b) We can make bacteria produce human insulin by cutting out the __________ responsible for insulin 
production from a sample of __________ DNA.

(c) This __________ is then inserted into the __________ of the bacteria. When the bacteria reproduce they 
replicate the __________ containing the insulin producing __________.

3. Describe some applications or uses of DNA fingerprinting.
4. Outline some methods used to transfer ‘foreign’ genes into other organisms.

Think
5. The diagram at right shows the DNA fingerprints 

produced from specimens collected from three crime 
suspects, the victim and evidence collected on the 
victim’s body.
(a) Using the information in the DNA fingerprints, 

deduce which of the three suspects is most likely 
guilty of the crime against the victim.

(b) Explain your response to part (a).
(c) Justify why a sample was taken from the victim 

as well as the foreign DNA sample collected from 
her body.

6. Discuss the following statement:
‘We should have a database that stores the DNA 
fingerprint of all people living in Australia. This would 
make catching criminals much easier.’

7. Explain why the uses of recombinant DNA 
technology listed below can have benefits for society:
(a) inserting the human insulin gene into bacteria
(b) inserting a gene that makes cotton plants produce a chemical that kills insect pests
(c) inserting a gene for growth hormone in salmon (this makes the salmon grow larger)
(d) inserting a gene that makes bananas produce a vaccine for hepatitis B
(e) inserting a gene that makes rice very high in vitamin A (vitamin A deficiency is a cause of blindness in 

poor countries).
8. Some canola, soybean, maize and cotton varieties have been genetically engineered to make them resistant 

to the weed killer glyphosate. They also produce a higher crop yield.
(a) Explain why growing a crop that is resistant to glyphosate makes weed control a lot easier for farmers.
(b) Discuss whether this use of genetic engineering is beneficial to the rest of society.
(c) The company that developed these varieties of crops also sells glyphosate. Explain how the company 

benefits from this type of genetic engineering.
(d) Farmers in poorer countries cannot afford to buy genetically engineered seeds or glyphosate. Rather 

than buying seeds each growing season, they often keep some seeds produced by the previous year’s 
crop and weeds are removed by hand. Explain how the genetically engineered crops grown by farmers 
in wealthy countries might make it more difficult for farmers in poorer countries to make money.

Words Meanings

(e) DNA fingerprint (v) A cell that has been infected by a bacteria or virus

(f) Electrophoresis (vi)  A bacterium that infects plants, and can be used to insert genes into the 
DNA of other plants

(g) Paternity test (vii) A ring of DNA found in bacteria

(h)  Recombinant DNA 
technology

(viii) Organisms that contain foreign genes

E
vi

d
en

ce
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ic

tim

Forensic Gel: 00428
Date: 22 February
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11.10 Send in the clones
11.10.1 Clones
Clones are organisms that are geneti-
cally identical. Identical twins are nat-
ural clones and so are plants grown 
from cuttings or using any other type 
of asexual reproduction. In 1997, Dolly 
the sheep, the first artificial mammal 
clone, was born. Since then many other 
mammals have been cloned, so the tech-
nology that would allow us to produce 
artificial human clones is available. 
Should scientists be allowed to clone 
humans?

11.10.2 Nuclear transfer 
cloning
Nuclear transfer cloning is used to pro-
duce organisms that are genetically 
identical to a fully developed organism. 

(e) There is concern that genetically engineered plants might cross with wild species of plants and that the 
foreign genes could spread to weeds. Assess the impact of this.

9. Genetically modified (GM) foods are foods that contain genes from other species, such as tomatoes that contain 
a gene from fish. Account for the fact that people who have allergies may have concerns about GM foods.

10. Assess whether it should be compulsory for products containing genetically modified ingredients to be 
labelled as such.

Investigate
11. In a group, compile a folio of about ten journal and other media articles relating to gene technology. Note 

the date and source of each article. Each person will choose an article to analyse. In your analysis include:
(a) the kind of gene technology being reported on
(b) a simple description or explanation of the particular example of technology
(c) any issues relating to the example.

12. In 1993, American scientist Kary Mullis won the Nobel Prize in Chemistry for investigating PCR. Find out 
more about the discovery and applications of PCR.

13. Suggest implications of patenting any of the following:
(a) genes
(b) gene products
(c) specific drugs that target a gene or gene products.

14. Various countries and organisations are already developing DNA databases.
(a) What is a DNA database?
(b) Use a PMI chart to categorise possible applications of DNA databases.
(c) Provide your own personal opinion on DNA databases. Include reasons for your opinion.

15. Research one of the following Australian research institutes and find out more about their genetic research.
(a) Ludwig Institute for Cancer Research
(b) Howard Florey Institute of Experimental Physiology and Medicine
(c) Walter and Eliza Hall Institute

16. What is thalassaemia? Find out more about screening and diagnostic tests for this genetic disorder. Find 
out more about the Thalassaemia Society and its involvement in genetic counselling.

A donor cell is taken
from a sheep’s udder.

These two cells 
are fused using 
an electric shock.

The nucleus 
of the egg cell
is removed.

An egg cell is taken 
from an adult sheep.

The embryo is 
placed in the uterus 
of a foster mother.

The embryo develops 
normally into a lamb – Dolly.

The fused
cell begins
dividing
normally.

Donor
nucleus

Egg cell

Embryo

Cloned lamb

A

B

C

How Dolly the sheep was created
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If nuclear transfer cloning involving humans was car-
ried out it could produce a baby that would be genet-
ically identical to her mother, or a baby genetically 
identical to an older sister. A beloved pet could be 
replaced by its clone provided that a sample of cells 
was collected from the animal soon after death. It 
may even be possible to clone extinct organisms if a 
well-preserved sample of DNA was available.
Nuclear transfer involves the following steps:
1. Extract DNA from a body cell (not an egg) from 

animal A.
2. Obtain an egg cell from another animal (or the 

same animal) and remove the DNA from the egg 
cell. Insert the DNA from animal A into the egg.

3. Implant the egg (containing the DNA from animal 
A) into the womb of an animal. Allow the egg to 
divide and develop inside the womb.
When the animal is born it will be genetically 

identical to animal A.
In 1970, John Gurdon successfully cloned a frog 

and it grew as far as the tadpole stage. In 1997, Ian 
Wilmut and colleagues produced Dolly, the cloned 
sheep (after 277 attempts). Since the cloning of Dolly, 
many mammals have been cloned by different labora-
tories around the world. It has been noticed that some 
cloned animals suffer from disorders and they often 
die young.

11.10.3 Therapeutic cloning
In therapeutic cloning the purpose of cloning is dif-
ferent. The aim is not to produce a fully functional 
organism, but rather to produce cells that might be 
used for research or to produce organs for transplant.

Therapeutic cloning involves initially the same 
steps as nuclear transfer cloning:
1. The DNA from an egg cell is removed and 

replaced with the DNA of a normal body cell.
2. The egg cell is then allowed to divide and form 

into an embryo. The embryo is not implanted into 
the womb of an animal, however.

3. Some of the cells that make up the embryo are stem cells. Stem cells can develop into various types 
of tissue depending on the conditions under which they grow. The stem cells are collected and may be 
used for scientific research or other purposes such as growing new organs.
It may one day be possible to grow organs for transplant using this technology. Furthermore, if the stem 

cells were produced using the patient’s own cells, the organ would be a perfect genetic match and would 
not be rejected.

While this approach has not yet led to the successful treatment of any condition, research scientists have 
produced nerve cells, insulin-producing cells and others, which could one day be used to treat diseases 
including Parkinson’s disease, Alzheimer’s and diabetes. 

The world’s first cloned cat, CC (Carbon Copy), 
born December 2001

The world’s first cloned dog, an Afghan called 
Snuppy, born April 2005 after 1095 attempts
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 11.10.4 Ethical implications 
 Genetically, humans are not very different from sheep, cats or dogs. These animals have been successfully 
cloned, so it should be possible to clone humans. Currently in Australia it is illegal to produce human 
babies using nuclear transfer cloning technology. In 2006, therapeutic cloning (for the purpose of pro-
ducing stem cells) was made legal. It is also legal to use surplus embryos produced by IVF for stem cell 
research, provided that the parents agree to this. Reproductive cloning (for the purpose of making babies) 
remains illegal. Much debate preceded the passing of this Bill. The debate centred around the following 
issues:  
 •   What are the potential benefi ts of this technology?  
 •   When does life begin? Is a fertilised egg a human life? Is an embryo produced by therapeutic cloning a 

life?  
 •   Do the embryos used in this type of research have the potential to become fully developed humans?  
 •   In the case of surplus embryos produced by IVF, what would happen to these embryos if they were not 

used for stem cell research? Would they be destroyed anyway?   
 The views of the ministers involved in this debate were sometimes shaped to some extent by their reli-

gious beliefs. It should also be noted that state laws can overrule the Bill that was passed in 2006, so indi-
vidual states can ban therapeutic cloning and the use of surplus embryos for research. 

 How do you feel about cloning? Should therapeutic cloning be legal? Are there any situations where the 
production of babies by cloning should be legal?  

Zygote

Embryo

Blastocyst

‘Harvested’ stem cells

Bone tissues Nerve tissues

Muscle tissues

  Therapeutic cloning can be used to produce stem cells. 
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11.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the words below with their meaning.

2. Study the figure How Dolly the sheep was created in this subtopic. In the diagram, identify which sheep is  
(i) the egg donor (ii) the surrogate (iii) the sheep that the lamb is genetically identical to.

Think
3. Did Dolly the sheep have any genetic material from a ram?
4. Outline some reasons why:

(a) a horse breeder may wish to clone one of her horses
(b) a couple may ask scientists to try to produce a clone of one of their children.

5. Discuss whether the following should be legal in Australia:
(a) human cloning
(b) animal cloning
(c) therapeutic cloning (using human cells).

Investigate
6. Dolly lived only to the age of six before being put down due to ill-health. Other cloned animals have also 

experienced ill-health and a short life span. Research this phenomenon.
(a) How much evidence is there that these clones had ill-health because they were clones?
(b) What theories are there as to why cloning may cause illness and abnormalities?
(c) If cloning does often cause health problems, does this mean it should not be undertaken?

7. Use the Religious views on cloning weblink in the Resources tab to answer the following  
questions:
(a) Which religions have the most favourable views towards cloning? Explain why.
(b) Which religions are most against cloning? Explain why.

8. Use the Click and clone weblink in the Resources tab to learn more about cloning.

Word Meaning

(a) Clone (i) Cells that can develop into a range of different tissue

(b) Denucleated (ii)  When an embryo is produced by replacing the DNA of an egg cell with the 
DNA of a normal body cell

(c)  Nuclear transfer 
cloning

(iii) Genetically identical organisms

(d) Therapeutic cloning (iv)  A bunch of cells produced from a fertilised egg (or from an egg cell that has 
had its DNA replaced with the DNA of a normal body cell)

(e) Stem cells (v)  Cloning for the purpose of producing cells for research or to make tissues or 
organs rather than entire organisms

(f) Embryo (vi) Has had its nucleus removed

 Explore more with this weblink: Religious views on cloning

 Explore more with this weblink: Click and clone

 RESOURCES — ONLINE ONLY
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 11.11 Project: The gene lab 
    11.11.1 Scenario 
 Think of how different dog breeds such as chihuahuas, great danes, 
dachshunds, blue cattle dogs and dobermans are from each other. 
Yet all of our pet dog breeds — regardless of size, colour, coat and 
intelligence — are all still members of the same species. All dogs 
are descended from a long-gone species of wolf. Over the thousands 
of years that they have been mankind’s companions, we have selec-
tively bred dogs together so that particular characteristics became 
more pronounced while others faded out. For example, greyhounds 
with their long graceful legs were bred for speed while bullmastiffs 
were bred for their size and strength. Over time, these characteristics 
became fi xed in that breed. The breeding process is continuous, with 
new breeds being registered with the International Federation of Dog 
Breeders every few years. 

 Dog breeders try to produce dogs that are the ideal examples of their breed, and do so by carefully 
selecting which dogs to mate. Unfortunately, in their quest to establish these perfect examples, the dogs 
produced may inherit genetic disorders as a result of unfortunate genetic combinations or inbreeding. Pure-
bred labradors, for example, may develop hip dysplasia, knee problems and eye problems such as progres-
sive retinal atrophy which — as well as preventing the dog from being shown in competitions — have 
serious effects on the dog’s quality and length of life. Now that genetics and DNA are more fully under-
stood, it is not uncommon for dog breeders to consult with genetic scientists to ensure that the puppies they 
produce have the smallest risk of developing these disorders. 

 11.11.2 Your task 
 You are part of a team of vets that works for the Dog Breeders Asso-
ciation of Australia as genetic counsellors. Your client has a labrador 
bitch that has a family history of progressive retinal atrophy — a con-
dition that causes gradual blindness. The client would like to breed her 
to produce for show as many puppies as possible that do not carry the 
gene for the disorder. There are three available stud dogs that the bitch 
can be mated with. Given the pedigree of each of these dogs, you must 
determine which of them should be selected to sire the litter. You will 
give your recommendations to the client in the form of a genetic report 
explaining your decision — including family trees, phenotype and gen-
otype identifi cation, and fi nal breeding recommendations. 

    11.11.3 Process  
 •         Start your research. Make notes of how recessive and 

dominant genes are combined when two animals mate to 
produce offspring, as well as how pedigrees are used to 
predict their genetic make-up. Each team member should 
use at least three sources other than the textbook, and at 
least one offl ine source (such as a book or encyclopaedia) 
to help discover extra information about genetics and dog breeding.  

 •   Based on your research notes and the report template, complete each of the required sections of your 
report.                
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11.12 Review
11.12.1 Genes and chromosomes
 • define the terms ‘gene’, ‘trait’, ‘chromosome’ and ‘karyotype’  11.2
 • outline how genes control characteristics 11.2
 • contrast the karyotypes of human males and females  11.2
 • identify some human characteristics that are genetically determined  11.5

11.12.2 Cell division and fertilisation
 • compare the processes of meiosis and mitosis  11.3
 • explain how the sex of a baby is determined at fertilisation  11.3

11.12.3 The nature and practice of science
 • assess the experimental procedures used by Gregor Mendel for his pea breeding experiment  11.4
 • predict the outcome of genetic crosses using punnett squares  11.4

11.12.4 DNA
 • describe the structure of DNA  11.6
 • outline the process of DNA replication  11.6
 • explain the advantages of DNA replicating exactly  11.6

11.12.5 Mutations
 • define the terms ‘mutation’, ‘mutagen’ and ‘tumour’  11.7
 • explain how mutations may be detrimental to an organism  11.7
 • identify examples of mutations that may be beneficial to an organism  11.7

11.12.6  The role of genes and environment in determining features
 • define the terms ‘dominant’, ‘recessive’, ‘heterozygous’ and ‘homozygous’  11.8
 • classify factors that are important in determining the features of an organism as either genetic  

or environmental  11.8
 • describe examples that illustrate the role of environmental factors in determining the features  

of an organism  11.8
 • interpret pedigree diagrams  11.8

11.12.7 Current issues, research and developments
 • identify careers that require an understanding of genetic principles  11.8
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11.12.8 Implications of science for society and the environment
 • identify applications of DNA fingerprinting  11.9
 • outline the procedure used to create transgenic species and some applications of this  

technology  11.9
 • contrast reproductive, nuclear transfer and therapeutic cloning  11.10
 • outline how artificial mammal clones can be produced  11.10
 • discuss using examples, the positive and negative impacts of gene technology and cloning  11.10
 • explain why different groups in society may have different views about gene technology  

wand cloning  11.10

FOCUS ACTIVITY
(a) Construct a paper model of DNA. Some suggested shapes you could use to represent the parts that make up a 

DNA molecule are shown at right.
(b) Now construct a second model that shows the DNA you made in part A 

replicating.
(c) Evaluate the models. Which aspects of the structure of DNA does your 

model show accurately? In what ways is your model different to an actual 
DNA molecule? What aspects of DNA replication are not shown clearly in 
your model?

(d) Computer animations are another type of model. Outline some advantages 
and disadvantages of making a paper model rather than using a computer 
animation to learn about DNA replication.

Access more details about focus activities for this topic in the Resources tab 
(doc-10670).

Thymine

Phosphate
group

Sugar

Guanine

Adenine

Cytosine

Individual pathways

 V ACTIVITY 11.1
Revising genetics
doc-10671

 V ACTIVITY 11.2
Investigating genetics
doc-10672

 V ACTIVITY 11.3
Investigating genetics further
doc-10673

  ONLINE ONLY

11.12 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the following terms with the correct definition.

Terms Definitions

(a) DNA (i)  An image of a full set of chromosomes after they have been stained, arranged 
in pairs and labelled

(b) Gene (ii) Containing one copy of each chromosome

(c) Allele (iii)  A very long piece of DNA containing many genes and with associated proteins

(d) Chromosome (iv) Containing two copies of each chromosome
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2.   Arrange the sentence fragments below to complete the sentence that 
has been started for you. 
 is made up of 
 cells 
 DNA 
 which contain in the nucleus 
 which are made up of 
 chromosomes 
 which contain 
 genes 
 A living organism _________________________________.  

3.   Suggest the missing sex chromosome labels for the fi gure at right.    
4. Outline  some of the roles that proteins play within living organisms.  
5. Describe  the structure of DNA with the aid of a diagram.  
6.   Use the timeline along the top of the next pages to answer the following 

questions.    
(a)   When were chromosomes fi rst discovered in animal cells?  
(b)   How many years after Gregor Mendel’s work on pea plants was the 

structure of DNA discovered?  
(c)   How many years did it take scientists to complete the fi rst draft of the Human Genome Project?  
(d)   Write down two further milestones that could be added to the timeline after 2003.    

7. Explain  how a change in DNA sequence is the cause of the condition sickle-cell anaemia.  
8.   For each of the following, decide whether mitosis or meiosis is being described:  

(a)   used for growth and development  
(b)   results in haploid cells  
(c)   increases the variation in offspring  
(d)   results in two cells with the same genetic content as the parent cell  
(e)   involves two rounds of cell division.    

9.   Decide whether the following are true or false. 
Correct any false statements.  
(a)   A dominant trait shows up in every generation.  
(b)   The phenotype is the genetic make-up of an 

organism.  
(c)   A heterozygote has two copies of the same 

allele.  
(d)   The environment has an effect on the genotype 

of an individual.    
10.   The pedigree chart at right shows the inheritance 

pattern of Huntington’s disease. This disease is due 
to a dominant HD gene on chromosome 4.  
(a)   How many generations are shown?  
(b)   How many females are in the pedigree?  
(c)   How many males are in the second generation?  
(d)    Identify  three individuals who have 

Huntington’s disease.  
(e)   If  ‘H’  represents the allele for Huntington’s 

disease,  Deduce  the genotypes of:  
(i)   individuals 1 and 2 in the fi rst generation  
(ii)   individuals 2 and 4 in the second 

generation.    
(f)   How would the pattern in the pedigree be 

different for a recessively inherited trait?    

Key

Normal male

1

II

I

2

1

III

2

1 2

3 4 5 6

3 4 5

Affected male

Affected female

Normal female

1, 2,
3, etc.

Sequence of
individualsIdentical twin

Pedigree chart showing the inheritance pattern of 
Huntington’s disease

Terms Defi nitions

(e) Karyotype (v)  Deoxyribonucleic acid, a large molecule that codes genetic information

( f ) Haploid (vi)  A length of DNA that contains instructions for one polypeptide

(g) Diploid (vii) A variant form of a gene
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11. Using the letters ‘B’ or ‘b’ to represent the 
gene for coat colour, predict the results of 
the following crosses. Draw diagrams or 
punnett squares to show your predictions.
(a) A pure-breeding (homozygous) black 

mouse with a hybrid (heterozygous) 
black mouse

(b) A pure-breeding black mouse with a 
pure-breeding white mouse.

  Is black dominant to white or white to 
black? Support your answer.

12. Examine the pedigree chart at right. Let 
the dark hair allele be represented by B 
and the red hair allele by b.
(a) Deduce the genotypes for the 

individuals: B, G, H and K.
(b) Deduce the phenotypes for individuals 

F and D.
(c) If individuals G and H had another child, 

what is the chance that it would have 
red hair?

(d) If individuals F and I had a child, do you 
think it might be possible for it to have 
red hair? Explain your reasoning.

13. In your book draw the pictures that belong 
where the letters A and B appear in the 
diagram at right.

Test yourself
1. Which of the statements below is correct?

(A) All human cells contain  
23 chromosomes.

(B) Egg and sperm cells contain 
46 chromosomes.

(C) Females have one more chromosome 
than males.

(D) A zygote contains  
46 chromosomes. (1 mark)

2. The type of cell division that produces cells 
with half the number of cells of the original 
cell is called
(A) binary fission.
(B) mitosis.
(C) recombinant DNA technology.
(D) meiosis. (1 mark)

Parents

A

E F G H I

B C D

Children
(F1 generation)

Grandchildren
(F2 generation)

Chromatids separate

Diploid
mother
cell

• Paired chromosomes separate and
 move to opposite ends of the cell.

Replicated chromosomes
are pulled apart so each
cell contains one
chromosome from
each pair.

Meiosis II

Meiosis I

• Two new daughter 
cells form.

• Each has one (replicated) 
chromosome from each pair.

• Matching chromosomes pair up.

• Chromosomes in nucleus
 before meiosis

• DNA replication occurs, so each chromosome 
is now made up of two chromatids.

A B

1859
Charles 
Darwin 
publishes his 
explanation of 
evolution by 
natural 
selection.

1866
Gregor 
Mendel’s work 
on pea plants 
marks the birth 
of modern 
genetics.

1882
Chromosomes 
are discovered 
in animals.

1902
Chromosomes 
are found to 
carry 
hereditary 
information.

1905
Discovery 
of sex 
chromosomes

1926
Studies show 
that X-rays 
can induce 
mutations in 
genetic 
material.

1944
Geneticists 
prove that 
DNA is 
hereditary 
in bacteria.

1951
X-ray diffraction 
images of DNA 
are captured for 
the �rst time by 
Rosalind 
Franklin.

1953
James 
Watson and 
Francis Crick 
deduce the 
double-helix 
structure of 
DNA.

1973
DNA splicing 
heralds dawn 
of genetic 
engineering.

1978
Genetically 
modi�ed 
bacteria 
produce the 
hormone 
insulin.

1986
Researchers 
produce 
millions of 
copies of DNA 
in a few hours.

1990
Human 
genome 
project begins. 
Gene therapy 
successful for 
the �rst time.

1994
Genetically 
modi�ed 
tomatoes go 
on sale in US.

2000
Completion of 
draft human 
genome

2003
First genetically 
modi�ed pet 
�sh goes on 
sale. Human 
genome project 
completed.

Future
Gardeners and pet breeders 
use genetic engineering kits 
to create new varieties. 
Biotechnology games for 
kids launched.  
New plants and animals 
bred to live on Mars.
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3. A diagram representing a DNA molecule is shown below right. Which row in the table below shows the 
correct names for the structures labelled with the numbers 1–4 in the diagram?

  Part 1 Part 2 Part 3 Part 4

A Nucleotide Nitrogenous base Phosphate group Sugar

B Chromosome Nucleotide Adenine Cytosine

C Nitrogenous base Sugar Phosphate group Polypeptide

D Nucleotide Nitrogenous base Sugar Phosphate group

 (1 mark)
4. A diagram is shown below.

Which of the statements below is correct?
(A) Pig A and pig C are genetically identical.
(B) Pig D and pig C are genetically identical.
(C) Pig B is the surrogate mother of pig C.
(D) None of the pigs are genetically identical as the environment in which the pigs grow can 

affect their genotype. (1 mark)
5. Discuss the impact on society of one the following biotechnologies:

DNA fi ngerprinting, cloning, recombinant
DNA technology. (1 mark)

O
P

O
P

O
P

O
P

OH

O
P

O
P

O
P

O
P

OH

T

A
T

A

Hydrogen
bonds

Base pairs

Sugar–
phosphate
backbone

C

G

C
G

1

2
4

3

Cell division

Early-stage embryo
is implanted in
surrogate mother.

Cloned animal

Skin cells
taken from
adult

Skin cells
taken from
adult

Unfertilised
egg removed
from adult
femaleAdult female

Skin cell is
placed next to 
nucleus-free
egg and electric
pulse causes
skin cell to fuse
with egg.

nucleus-free
egg and electric

Adult being cloned

A

B

D
C

Skin cells
taken from
adult
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