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REPRODUCTION  
The asexual mechanisms of reproduction that ensure the  
continuity of a species

ÎÎ Asexual reproduction involves a single parent producing genetically identical 
offspring (clones). 
Examples include binary fission in bacteria and some protists; budding in yeasts and 
some protists; spore production in plants and fungi; regeneration of simple animals 
such as flatworms; parthenogenesis in some animals such as aphids; and bulbs, corms, 
rhizomes and stolons in plants.
ÎÎ Asexual reproduction results from mitosis  
or fission cell divisions.
• The advantage is rapid population increase.
• The disadvantage is a lack of genetic diversity.
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REPRODUCTION 
The sexual mechanisms of reproduction that ensure the  
continuity of a species 

ÎÎ Sexual reproduction involves parents of different genders producing haploid gametes 
that unite in fertilisation to form the diploid zygote.
Examples include seeds from flowers, cones in advanced land plants and zygote 
production in animals.
ÎÎ Internal fertilisation results within the female from the release of semen from the 
penis into the female reproductive tract.
ÎÎ External fertilisation results from males and 
females releasing gametes into the outside 
environment (usually water).
ÎÎ Stamens in flowers and male cones release pollen 
that is transferred to the female stigma.
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REPRODUCTION 
Fertilisation and implantation in mammals

ÎÎ Fertilisation usually occurs in the oviduct of female mammals.
ÎÎ The oocyte completes meiosis to become an ovum after spermatozoon penetrates the 
cell membrane.
ÎÎ The union of a spermatozoon and oocyte and the resultant unification of the 
pronuclei results in a zygote (new genetically unique offspring) or fertilisation.
ÎÎ The zona pellucid ensures the entry of spermatozoon of the same species and only 
one enters the oocyte.
ÎÎ Implantation occurs in the endometrial lining of the uterus of placental mammals.
ÎÎ The trophoblast develops into the placenta in placental mammals to support the 
nutrition of the foetus.
ÎÎ Hormones play a supportive role in preventing the immune rejection of the foetus.
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REPRODUCTION
Hormonal control of pregnancy and birth in mammals

ÎÎ Progesterone is the pregnancy hormone that prepares the uterus so that implantation 
and subsequent development of the foetus is sustained.
ÎÎ Oestrogens support changes during pregnancy, such as the preparation of breasts for 
lactation and the uterus for contractions in childbirth.
ÎÎ Birth is initiated because of stress to the foetus, the 
release of the corticotrophin-releasing hormone and 
the dominance of oestrogens over progesterone.
ÎÎ Oxytocin is the main hormone of birth and causes 
contractions of the uterus.
ÎÎ Relaxin is a hormone that plays a role in pregnancy 
and birth by relaxing the pelvis and joints to allow 
passage of the foetus.
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REPRODUCTION 
The impact of scientific knowledge on the manipulation  
of plant and animal reproduction in agriculture 1
ÎÎ Vegetative propagation techniques result in rapid expansion of genetically identical plant 

populations.
ÎÎ Selective breeding has improved the agricultural potential of many plants.
ÎÎ Seed banks have been developed to preserve genetic diversity. 
ÎÎ Polyploidy can be used to create seedless (sterile) plants but also to create fertile hybrids.
ÎÎ Cytoplasmic male sterility has been used to help ensure crossbreeding is not contaminated.
ÎÎ Mutation breeding (the use of mutagens such as gamma rays) has been used to expand the 

variation in plants in the hope of producing favourable mutants for plant breeding.
ÎÎ Genetic modification (the insertion of genes from one species into another) has been used to 

improve the economic value of some plants.
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REPRODUCTION 
The impact of scientific knowledge on the manipulation  
of plant and animal reproduction in agriculture 2 

ÎÎ Selective breeding has resulted in many new strains of useful livestock.
Examples of techniques in animals include artificial insemination (AI), ovulation 
induction, in-vitro fertilisation (IVF), multiple ovulation and embryo transfer (MOET), 
juvenile in-vitro fertilisation and embryo transfer (JIVET), and somatic cell nuclear 
transfer cloning (SCNT).
ÎÎ Genetic modification has been used in aquaculture to improve the productivity of 
salmon as a food source. 
ÎÎ Sex reversal of sequentially hermaphroditic fish has been used in aquaculture to 
improve productivity.
ÎÎ Sterile triploid fish have been bred to ensure that genetically modified fish do not 
interbreed with wild fish.
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CELL REPLICATION
Modelling cell replication: mitosis

 

ÎÎ DNA replicates→ nuclear membrane breaks down and nucleolus disappears → 
chromatin condenses into chromosomes that have duplicated into two chromatids 
held together by centromere → centrosomes separate forming spindle → chromosomes 
move to middle (equator) → chromatids pulled by spindle go to opposite poles, 
becoming chromosomes → nuclear membrane reforms → cytokinesis → two cells 
identical with parent cell.
ÎÎ Mitosis is essential for growth, repair and asexual reproduction.
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CELL REPLICATION 
Modelling cell replication: meiosis

ÎÎ DNA replicates→ nuclear membrane and nucleolus disappear → chromatin condenses 
into chromosomes (two chromatids held together by centromere) → centrosomes 
separate forming spindle → chromosomes move to middle → homologous pairs come 
together and crossing over occurs → homologous pairs of chromosomes pulled apart 
by spindle go to opposite poles and cell becomes haploid → nuclear membrane reforms 
→ cytokinesis → nuclear membrane breaks down → chromatin condenses into two 
chromatids held together by centromeres → centrosomes separate forming spindle → 
chromosomes move to middle → chromatids pulled by spindle go to opposite poles, 
becoming chromosomes → nuclear membrane reforms → cytokinesis → four haploid 
cells that are genetically unique.
ÎÎ Meiosis is essential for sexual reproduction, gamete production and genetic diversity.
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CELL REPLICATION
Modelling cell replication: nucleotide composition, hydrogen  
bonding and pairing

ÎÎ DNA is a polymer made up of nucleotide monomers.
ÎÎ A nucleotide contains a deoxyribose sugar joined to a 
phosphate group and a nitrogenous base.
ÎÎ The sugar-phosphate chain forms an external backbone 
for the DNA strand and the nitrogenous bases radiate 
towards the centre of the helical molecule, joined to the 
sugar in the backbone.
ÎÎ Two purine bases: guanine (G) and adenine (A) and two pyrimidine bases—thymine 
(T) and cytosine (C)—are the nitrogenous bases.
ÎÎ Hydrogen bonds result in the nitrogenous bases pairing faithfully: A with T and G 
with C.
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CELL REPLICATION 
Modelling cell replication: the Watson and Crick DNA model

ÎÎ A double helix is formed from two strands of DNA 
nucleotides that spiral in opposite directions.

ÎÎ The nitrogenous base pairing ensures that the correct 
nucleotides slot into place during replication.

ÎÎ Models of DNA must show that the pairing bases— 
A with T, G with C—fit each other but no other base. Base pair
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CELL REPLICATION
Modelling cell replication: DNA replication

ÎÎ Cell replication cannot occur without DNA replication.
ÎÎ Two DNA strands unzip. 
ÎÎ Primers slot into place.
ÎÎ The leading strand has nucleotides lock in 
and bonds form to create a continuous copy 
of DNA.
ÎÎ The lagging strand has short segments of 
nucleotides sectioned in, the gaps are filled 
and bonds formed.
ÎÎ Enzymes control the process, check for 
errors and correct any that are detected.
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CELL REPLICATION
Assessing the effect of cell replication on the continuity of species

ÎÎ Asexual reproduction through mitosis and binary fission creates large numbers of 
similar offspring with predictable characteristics. 

ÎÎ Continuity depends on the large numbers and a stable environment.

ÎÎ Sexual reproduction through meiosis and fertilisation creates diverse offspring. 

ÎÎ Variation helps continuity of a species in a changing environment.

ÎÎ Organisms undergoing sexual reproduction have to achieve sexual maturity.

ÎÎ Sexual maturity requires cell replication, expansion and differentiation.
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DNA AND POLYPEPTIDE SYNTHESIS
Comparing and modelling DNA in prokaryotes and eukaryotes
ÎÎ Similarities include:
• DNA combined with proteins
• same role (to make polypeptides)
• have extrachromosomal DNA in either plasmids (prokaryotes), mitochondria or chloroplasts 

(eukaryotes)
• DNA replicates before cell division.
ÎÎ Differences in eukaryotes include:
• large sections of ‘non-coding’ DNA
• chromatin formed from DNA closely linked with the histone proteins 
• densely packed in nucleus as linear chromosomes in mitosis
• multiple copies of each gene (usually two) as chromosomes occur in pairs.
ÎÎ Differences in prokaryotes include:
• circular chromosome in nucleoid region
• very little ‘non-coding’ DNA
• one copy of each gene.
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DNA AND POLYPEPTIDE SYNTHESIS
Process of polypeptide synthesis: transcription

ÎÎ Transcription carries the genetic code in the form 
of mRNA from the nucleus to the ribosome. 

ÎÎ DNA is edited so the ‘coding’ DNA becomes the 
mRNA and the ‘non-coding’ DNA is removed.
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DNA AND POLYPEPTIDE SYNTHESIS
Process of polypeptide synthesis: translation

ÎÎ tRNA and the ribosome provide the 
structures that allow the translation of  
mRNA in the cytoplasm to form the amino 
acid sequence of the polypeptide chain.
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DNA AND POLYPEPTIDE SYNTHESIS
Function and importance of polypeptide synthesis

ÎÎ Provides the main component of proteins 
which are essential to the structure and 
functioning of cells, tissues and organisms.
ÎÎ Provides a mechanism for the action of 
inheritance.
ÎÎ Antibodies are proteins formed when 
polypeptides are made in response to the 
presence of antigens. 
ÎÎ The figure shows that the immune response is 
dependent on polypeptide synthesis to protect 
the body from infection.
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DNA AND POLYPEPTIDE SYNTHESIS
How genes and the environment affect phenotype expression

ÎÎ Genes impact on phenotype through polypeptide synthesis.
ÎÎ Gene regulation means some genes are active and others inactive. The same DNA 
results in highly differentiated cells.
ÎÎ Epigenetic studies reveal the role of gene regulation on changes in phenotype. 
ÎÎ Environmental factors such as diet impact on gene regulation through ‘temporary’ 
changes to DNA, such as methylation and histones.
ÎÎ Environment and lifestyle may also impact through the length of telomeres, which 
directly impact on cell aging and some diseases such as cancer.
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DNA AND POLYPEPTIDE SYNTHESIS
The structure and function of proteins in living things
ÎÎ The role of proteins as catalysts (enzymes) means they control reactions (metabolism) 
in cells.
ÎÎ Proteins control cell composition through their role in the cell membrane.
ÎÎ Transport proteins in body fluids such as haemoglobin in blood help transport 
substances around the body.
ÎÎ Proteins strengthen cellular structures and enable movement by providing support, 
by interacting and by changing shape.
ÎÎ Many hormones are proteins that control processes such as reproduction, growth 
and the storage and release of glucose.
ÎÎ Proteins provide for storage, such as oxygen stored in ferritin.
ÎÎ Immune response results from the ability of some proteins to recognise other 
molecules.

18

MODULE 5: HEREDITY See  Year 12 Biology p. 44



GENETIC VARIATION 
Variation resulting from random segregation and crossing over 

ÎÎ In the early stages of meiosis random segregation of each 
member of the homologous pairs of chromosomes results in 
haploid cells and produces highly varied gametes.

ÎÎ Crossing over restructures some chromatids and may 
produce new combinations of alleles along a chromosome.

ÎÎ Both processes result in new combinations of alleles in 
gametes.
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GENETIC VARIATION 
Variation resulting from mutation and fertilisation

ÎÎ Mutations are the ultimate source of genetic variation.
ÎÎ Punnett square diagrams show the possible genotype of gametes and possible 
combinations on fertilisation.
ÎÎ Each fertilisation event is independent of any other.

Male gametes→
Female gametes↓

T t

T TT Tt

t Tt tt
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GENETIC VARIATION 
Autosomal inheritance and sex linkage

ÎÎ Autosomal inheritance is the inheritance of genes carried on normal (autosomal) 
chromosomes that impacts males and females equally.
ÎÎ Alleles can interact in a dominance/recessive relationship in which the dominant 
allele is expressed in the hybrid (heterozygous form) and the recessive phenotype is 
only expressed in the homozygous genotype.
ÎÎ Sex chromosomes, such as the X and Y chromosomes 
in humans, determine the sex of the offspring but the 
X chromosome also carries some genes which are 
expressed more frequently in males that only have 
one X. 
ÎÎ The pattern of sex-linked inheritance is different in 
males to females.
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GENETIC VARIATION 
Co-dominance, incomplete dominance and multiple alleles

ÎÎ Alleles can interact in a co-dominant manner in which both alleles are expressed 
(e.g. roan cattle). 
ÎÎ In incomplete dominance the heterozygous form has an intermediate or a blended 
phenotype, different from either parent (shown in diagram).
ÎÎ Multiple alleles is the inheritance of a 
characteristic in which there are more than two 
form of alleles so there is a great variety of possible 
phenotypes and genotypes (e.g. human blood types 
may be A or B (co-dominant) or O (recessive to 
both A and B).
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GENETIC VARIATION 
Frequency data of characteristics in populations

ÎÎ Genetic diversity is reflected in the frequency of characteristics across a population.
ÎÎ Frequencies of characteristics are collected, recorded and presented to reveal data on 
phenotypes in local populations.
Observations could include characteristics such as eye colour, hair colour,  
tongue-rolling, or attached or detached ear lobes.
ÎÎ Data is limited because phenotypes do not always indicate the genotype. 
ÎÎ Sampling may be insufficient to reflect the whole population gene frequency.
ÎÎ Allele frequency is a measure of the genetic diversity of a gene pool.
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GENETIC VARIATION 
Analysing single nucleotide polymorphisms 

ÎÎ A single nucleotide polymorphism (SNP) is an alternative form of an allele resulting 
from a single base substitution (mutation) in the DNA which occurs in at least 1% of 
the population.
ÎÎ HbS is a SNP of normal haemoglobin (HbA).
ÎÎ The sickle-cell trait is the result of HbS in the heterozygous form.
ÎÎ Sickle-cell anaemia is the result in the homozygous form.
ÎÎ 90% of human variation in DNA occurs as SNPs are found in ‘non-coding’ as well as 
‘coding’ sections of DNA.
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INHERITANCE PATTERNS IN A POPULATION  
Technologies used to determine the inheritance patterns in 
a population 1 

ÎÎ DNA sequencing uses technologies such as:
• the polymerase chain reaction (PCR)
• sequencing by synthesis (SBS)
• sequencing by oligonucleotide ligation and detection (SOLiD)
• labelling; for example, use of fluorescent dyes
• separating by electrophoresis
• base detection; for example, via the use of dyes or by light emission.
Examples of use include the detection of single nucleotide polymorphisms (SNPs) as 
indicators of genetic diversity and disease risk and in the Human Genome Project.
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INHERITANCE PATTERNS IN A POPULATION  
Technologies used to determine the inheritance patterns in 
a population 2 
ÎÎ DNA profiling uses technologies such as:
• the PCR 
• separation by electrophoresis.
Examples of use include determining the probability of an identity (such as matching 
crime scene evidence to individuals) or a familial relationship by comparing highly 
variable parts of the DNA of individuals. 
ÎÎ These variable parts include:
• restriction fragment length polymorphism (RFLP ) analysis relies on varying lengths 

of RFLPs because they contain variable numbers of tandem repeats or mini-satellites.
• short tandem repeats (STRs) are loci that are targeted and STRs are amplified using 

PCR and compared in an alternative method of profiling.
ÎÎ DNA samples can be contaminated and care must be taken to avoid this.

26

MODULE 5: HEREDITY See  Year 12 Biology p. 70



INHERITANCE PATTERNS IN A POPULATION  
Data analysis from a large-scale collaborative project for  
conservation management
ÎÎ Population genetics investigates factors that influence the change of frequency of 
alleles over time and across locations and populations.
ÎÎ Allele frequency changes with mutations, natural selection, gene drift and gene flow.
ÎÎ Single nucleotide polymorphisms (SNPs) are used as an indicator of levels of genetic 
diversity and to compare the genetic diversity of species.
ÎÎ Sample size is important for obtaining reliable data for studying population genetics.
ÎÎ Genetic diversity is important for the survival of endangered species and small or 
isolated populations.
ÎÎ Conservation management needs to consider genetic diversity as well as habitat 
requirements.
ÎÎ Tasmanian devils are at risk from a contagious cancer that is thought to be linked to 
the low diversity of genes associated with its immune system.
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INHERITANCE PATTERNS IN A POPULATION   
Data analysis of population genetics for understanding  
inheritance of a disease or disorder and human evolution

ÎÎ Many diseases have both genetic and environmental causes so population genetics 
data can help determine the genetic factors that contribute.
ÎÎ Genome-wide association (GWA) studies have helped to collect and analyse data on 
the genetic components of disease.
ÎÎ The frequency of alleles for sickle-cell anaemia resulting from a SNP that changes 
haemoglobin is higher in areas where there is exposure to malaria as it provides some 
resistance to the protozoan pathogen.
ÎÎ In human evolution mtDNA is used as a molecular clock to determine the date of the 
last common ancestor.
ÎÎ DNA from mitochondria and the nucleus are used to compare modern humans with 
recent ancestors such as Neanderthals and Denisovans.
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MUTATION  
How a range of mutagens work

ÎÎ High-energy electromagnetic radiation includes gamma rays, X-rays and some 
ultraviolet rays.
ÎÎ Electromagnetic radiation passes through tissues to break DNA strands and 
chromosomes or alter nucleotide bases by changing atoms.
ÎÎ Chemical mutagens substitute bases and modify the backbone of DNA and often 
prevent it from replicating. Some chemical mutagens break chromosomes.
ÎÎ Naturally occurring mutagens include viruses, chemicals in plants (alkaloids) and 
moulds (aflatoxin) that change DNA structure. 
ÎÎ Reactive oxygen species (ROS) interact with other mutagens to break DNA.
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MUTATION 
Different types of mutation: causes, processes and effects

ÎÎ Point mutations involve a change in one nucleotide base. They include:
• Substitution of a nucleotide may result in a different amino acid in a polypeptide chain.
• Insertion or deletion of a nucleotide base results in a frameshift that has major 

harmful impacts on polypeptide synthesis.
ÎÎ Chromosomal mutations result in whole sections of 
chromosomes being deleted, inserted, inverted or 
translocated to other chromosomes. These 
rearrangements are usually very harmful to organisms.
ÎÎ Non-disjunction of homologous chromosomes 
results in a change in chromosome number 
(aneuploidy) that is usually very harmful or fatal. 

A B C D E F

D
E

FA B

C

A B C D E F

A C D E F

B B C D E FA

A E D C B F

G HG H I J

K
LA B C D E

F G HG H I F

A B C E J KD L

Deletion

Duplication

Inversion

Translocation

30

MODULE 6: Genetic Change See  Year 12 Biology p. 82



MUTATION 
Somatic versus germ-line mutations, mutations in ‘coding’ versus 
‘non-coding’ DNA segments

ÎÎ Somatic (body cell) mutations can result in diseases such as cancer but are not 
passed on to the next generation.
ÎÎ Germ-line mutations can be passed on to offspring and thereby alter allele frequency 
in the gene pool. Many chromosome mutations in the germ-line result in sterility.
ÎÎ ‘Coding’ DNA segments result in the production of polypeptides so mutations may 
result from the failure to produce a functional polypeptide. 
ÎÎ ‘Non-coding’ DNA segments may have no known function or regulate gene 
expression. If regulatory, mutations may result from the failure to produce a functional 
polypeptide.
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MUTATION 
Genetic variation relating to fertilisation, meiosis and mutation  
and the effect of mutation, gene flow and genetic drift on the  
gene pool of populations

ÎÎ Fertilisation and meiosis result in recombinations of existing alleles.

ÎÎ Mutations produce new alleles and have the potential to change the gene pool and 
influence evolution.

ÎÎ Mutation increases variation in the gene pool.

ÎÎ Gene flow from immigrants can increase genetic diversity.

ÎÎ Genetic drift is a random change that mainly impacts very small populations.
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BIOTECHNOLOGY   
Past uses and applications of biotechnology

ÎÎ Agriculture and aquaculture has resulted in selective breeding of crops and animals 
over the last 10 000 years, improving the quantity and quality of food. 
ÎÎ Fermentation has resulted in improved preservation and an increased range of foods 
such as beer, wine, cheese, yoghurt and soy products, as well as organic acids such as 
lactic acid.
ÎÎ Medical applications of biotechnology such as MAbs, antibiotics, vaccines and some 
gene technology have saved lives.
ÎÎ Biotechnology has improved human health and increased the population size.
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BIOTECHNOLOGY   
Present uses and applications of biotechnology

ÎÎ Expanded agriculture and aquaculture dramatically increases environmental impacts, 
improves human health, and increases human lifespan and population size.
ÎÎ The increased use of a wide range of genetic technologies has impacted on agriculture, 

aquaculture, medicine and industry. 
Examples include ELISA, rAbs, RNAi gene silencing, marker-assisted breeding and 
CRISPR-Cas9 for more precise gene modification.
ÎÎ Increasing widespread use of gene technologies has produced more productive plants and 

animals (see card 43).
ÎÎ Expanding medical uses for diagnosis, production of pharmaceuticals and research (see card 43).
ÎÎ Industrial uses of biotechnology include production of biofuels, bioplastics and biodegradable 

plastics, bioremediation, expanded waste recycling and developing new metal extraction 
processes.
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BIOTECHNOLOGY   
Future uses and applications of biotechnology

ÎÎ Widespread use in research and for medical applications.

ÎÎ Genetic techniques that do not create transgenic organisms could be increasingly 
used.

ÎÎ Personalised medicine will result from the selection of the most effective medicine for 
each individual. 

ÎÎ Better biofuels and waste recycling/reduction could be developed.

ÎÎ A wider range of more environmentally friendly bioplastics could be developed.

ÎÎ Human stem cells may replace the need for animal models in research. 

ÎÎ Bioluminescence may be developed as an alternative light source.
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BIOTECHNOLOGY   
Social implications and ethical uses of plant and animal examples  
of biotechnology
ÎÎ Social implications include concerns over:
• equity of access to new technologies and their applications
• displacement of traditional lifestyles
• loss of consumer autonomy; for example, poorly labelled food
• population changes that impact on the planet and quality of life
• potential abuse (e.g. bioterrorism).
ÎÎ Ethical concerns include advances in understanding diseases at the expense of animals; for 

example, the use of knockout mice in labs and RNAi to produce virus-free pig hearts for 
xenotransplantation.
ÎÎ Environmental uses of biotechnology might include the restoration of ecosystems such as coral 

reefs, better waste management and addressing global warming by engineering plants with 
increased rates of photosynthesis or for biofuels.
ÎÎ Alternate protein-rich foods might be produced in bioreactors.

36

MODULE 6: Genetic Change See  Year 12 Biology p. 95



BIOTECHNOLOGY   
Future directions of the use of biotechnology

ÎÎ Many factors influence possible future directions. Four options include:
• Proliferation of present trends; for example, increased use of gene technologies such 

as transgenic species until their use becomes accepted for agriculture, industry and 
medicine.

• Social and cultural resistance continues so new techniques use understanding of 
genetics without producing transgenic crops and animals.

• Bioreactors become responsible for food production because of the breakdown of 
agricultural and aquaculture ecosystems.

• A ‘brave new world’ of bio-computers and synthetic biology along with 
bioluminescence for household lighting.
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BIOTECHNOLOGY   
Potential changes in Earth’s biodiversity due to genetic techniques
ÎÎ Genetic erosion is loss of biodiversity because of the increased use of clones and monoculture 

cultivation.
ÎÎ Genetic pollution introduces new genes into species and changes the characteristics of species 

and ecosystems.
ÎÎ Biodiversity can be sustained through:
• improved waste management 
• use of bioremediation
• metabarcoding to help better manage endangered species
• using light biosensors for rapid detection of pollution
• better climate control improving the outlook for natural communities.
ÎÎ The use of gene drives and RNAi could eliminate some infectious diseases, thereby helping to 

conserve some species at risk. 
ÎÎ Some environments could be protected and restored through more humane and effective ways 

of eliminating feral species.
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GENETIC TECHNOLOGIES
Uses and advantages of current genetic technologies

ÎÎ Current genetic technologies include:
• mutation breeding (improved productivity of many grain crops)
• marker-assisted breeding (improved pond yields of black tiger prawns by over 50%)
• genetic engineering (using gene editing tools and deleting genes to introduce new 

characteristics into species) 
• CRISPR-Cas9 (a precise and more reliable gene editing tool which improves the 

efficiency of genetic engineering)
• gene drives increase the impact of an introduced gene; could potentially stop the 

transmission of the malaria protozoan by mosquitoes
• gene silencing or RNAi (research and disease control)
• chromosome engineering (improved crops such as soybeans and maize)
• microbial vectors to introduce new genes into plants for improved productivity or 

production of new substances such as vaccines.
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GENETIC TECHNOLOGIES
Processes and outcomes of reproductive technologies

ÎÎ Artificial pollination involves the collection of pollen from desirable plants, removing 
stamens or otherwise sterilising flowers that have the desirable female gametes and 
transferring pollen on to stigma.  
ÎÎ Artificial insemination (AI) involves the collection of semen from desirable male 
animals and its insertion into desirable female breeding stock. 
ÎÎ AI maximises the breeding potential of male and female animals and can be used to 
shorten generation intervals in some livestock.
ÎÎ In-vitro fertilisation (IVF) involves the collection of semen and oocytes and their 
artificial combination. The resultant embryos are then introduced into prepared females, 
possibly after genetic screening.
ÎÎ Reproductive technologies increase the chances of having healthy offspring. 
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GENETIC TECHNOLOGIES
The effectiveness of cloning

ÎÎ Gene cloning makes copies of genes for use in genetic engineering and research or for 
therapeutic cloning.
ÎÎ Genes for antibiotic resistance are often combined with the gene being cloned so 
screening with antibiotics ensures that only the cloned genes are obtained.
ÎÎ Whole organism cloning creates copies of plants and animals that are genetically 
identical to the parents and thus have predictable characteristics.
ÎÎ Whole organism cloning generally has a high failure rate so is used for brood stock, 
not food production.
ÎÎ Therapeutic cloning uses stem cells to make corrections to organisms that are 
compatible with the organism. 
ÎÎ Barriers to its effectiveness still remain though it has the potential for treating 
conditions such as Parkinson’s disease.
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GENETIC TECHNOLOGIES
Techniques used in recombinant DNA technology

ÎÎ Desirable genes are cloned (shown on right) before 
hosts are transformed and crossbred to ensure the new 
organisms are homozygous. 
ÎÎ New techniques include use of CRISPR-Cas 9 to 
precisely locate and edit parts of the genome and gene 
drives to increase the frequency of desired alleles.

The DNA to be transferred is
cut. This produces ‘sticky ends’.

Recombinant
plasmid

A plasmid (small
circles of DNA

found in bacteria)

Transfer to

the host cell

The plasmid is also
cut, producing

sticky ends DNA ligase joins
the 2 DNA strands

Recombinant
plasmid

Bacterial 
chromosome

Recombinant
plasmid is
replicated
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GENETIC TECHNOLOGIES
Applications of recombinant DNA technology

ÎÎ Rapidly and predictably produces organisms with known characteristics. 
ÎÎ Applied to agriculture, medicine and industry.
Examples include insect resistance (Bt cotton, potatoes, maize and rice); herbicide 
resistance (canola, soybeans, maize, cotton); longer shelf life (FlavrSavr tomato, 
non-browning apples); increased nutrition (Golden Rice); disease resistance (virus-
resistant papaya, squash, potatoes); stress tolerance (DroughtGard maize, drought-
resistant sugar cane); appearance (blue carnations); modified oils for biofuels and 
healthier foods; bioremediation (plants can remove mercury); pharmaceuticals 
(insulin, safer vaccines, antibodies, blood-clotting agents); biosensors and better 
medical diagnostic tests; use of research animals for studying diseases such as cancer 
(knockout mice).
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GENETIC TECHNOLOGIES
Benefits of using genetic technologies in agriculture and medicine
ÎÎ Benefits in agriculture include:
• more rapid, precise and cost-effective breeding of organisms
• more nutritious foods can be produced
• pesticides can be used less or more effectively or can reduce the need for soil cultivation.
ÎÎ Benefits in medicine include:
• safer vaccines and pharmaceutical treatments such as insulin, human growth 

hormones, follistim (for treating infertility), human albumin, monoclonal antibodies 
and blood clotting and thinning factors.

• better analytical techniques, including ELISA and western blot technologies that can 
be used for research and diagnosis

• better understanding of disease causes and the role of certain genes 
• more effective cancer treatments with fewer side effects.
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GENETIC TECHNOLOGIES
Benefits of using genetic technologies in industry

ÎÎ Benefits in industry include:
• Bioreactors can produce mass quantities of various organic compounds.
• Highly-sensitive analytical procedures can detect substances such as pollutants. 
• Renewable and better fuels can be produced along with products to clean up existing 

pollution. 
• Natural resources can be recovered with minimum production of pollutants. 
• Biodegradable plastics and bioplastics reduce demands on the petroleum industry 

and promote recycling. 
• There can be more efficient and safe extraction of metals from ores.
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GENETIC TECHNOLOGIES
Effect on biodiversity of using biotechnology in agriculture

ÎÎ Biodiversity has been reduced through the use of traditional biotechnology in 
agriculture and aquaculture, especially through habitat destruction and the growing of 
monocultures. 
ÎÎ The use of new genetic technologies in modern biotechnology, including gene 
technologies, initially increases biodiversity. This is because new genetic combinations 
not possible in nature are introduced.
ÎÎ Less environmental degradation may result from the use of some applications that 
require less cultivation, produce less pollution, result in less harvesting of wild 
populations or restore damaged environments. 
ÎÎ Non-target species may be impacted by applications such as insect-resistant crops.
ÎÎ Gene pollution may reduce biodiversity in the long term; for example, the spread of 
genes resistant to herbicides.
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GENETIC TECHNOLOGIES
Influences of social contexts on a range of biotechnologies

ÎÎ The social context relates to which groups in society would benefit or suffer detriment 
from biotechnologies. 
ÎÎ Perceptions about the benefits and risks are a part of the social context.
ÎÎ Education is a major factor in social understanding and acceptance.
ÎÎ Societal concerns often revolve around the use and impact of technology in terms of 
widening the gap between rich and poor within and across societies. This may impact 
on the acceptance of biotechnologies.
ÎÎ Farmers and gene technology companies may benefit but consumers may be taking a 
risk (e.g. allergic reactions) from the foods they consume.
ÎÎ Perceptions of better health for consumers via more nutritious foods promotes 
acceptance but there are concerns as to whether these will be available to poorer people.
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GENETIC TECHNOLOGIES
Influences of cultural and economic contexts on a range of 
biotechnologies
ÎÎ The economic context relates to the potential of biotechnologies to create wealth for some groups 

or companies and the impact that competition and additional costs versus returns may have on 
producers and users. 
ÎÎ Intellectual rights and patents may control who benefits.
ÎÎ The cultural context encompasses the values and beliefs that are associated with the practices of 

biotechnology.
ÎÎ Beliefs that genetically modified foods are unnatural or that GM is ‘playing God’ may impede 

acceptance.
ÎÎ Growing trends towards veganism reflect cultural shifts towards concern for animal welfare. 
ÎÎ The production of plant- or microbe-based protein foods that are meat or dairy substitutes 

along with fibres that are alternatives to wool may increase acceptance of biotechnologies. 
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CAUSES OF INFECTIOUS DISEASE    
How are diseases transmitted?

ÎÎ A disease is any condition that impairs normal living processes.
ÎÎ Infectious diseases differ from other diseases, such as genetic and lifestyle diseases, in 
that they are caused by invasion by a pathogen and can be transmitted from one host 
to another. 
ÎÎ A pathogen is any organism living in or on another organism that is capable of causing 
disease.
ÎÎ Transmission must occur for an infection to spread. For an infectious disease to be 
transmitted it must:
• escape from its host or from where it normally lives and multiples
• survive transmission from one host to another; some pathogens can only be 

transmitted by direct contact because they cannot survive outside the host
• enter the new host or escape from the new host.
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CAUSES OF INFECTIOUS DISEASE    
A variety of infectious diseases caused by pathogens
ÎÎ Pathogens include microscopic pathogens; for example, bacteria, viruses, fungi and protozoans.
ÎÎ Bacteria are prokaryotic, unicellular organisms about 1000 nanometres in size. An example of a 

disease-causing bacteria is Bordatella pertussis which causes whooping cough.
ÎÎ Viruses are non-cellular pathogens requiring living host cells to replicate. Their size range is 20 to 40 

nanometres. An example is rhinovirus, which causes colds.
ÎÎ Fungi are eukaryotic organisms. An example of a disease-causing fungi is Phytophthora 
cinnamomi, which causes root rot in plants.
ÎÎ Protozoa are eukaryotic, unicellular organisms. An example is entamoeba, which causes amoebic 

dysentery.
ÎÎ Prions are non-cellular pathogens. They are a defective form of a protein molecule found mostly 

in the brain. 
ÎÎ Pathogens also include macroscopic pathogens; for example, parasites such as arthropods, 

flatworms and roundworms. 

50

MODULE 7: Infectious Disease See  Year 12 Biology p. 118



CAUSES OF INFECTIOUS DISEASE    
Modes of transmission of infectious diseases

ÎÎ Different modes of transmission are used by different pathogens. 
ÎÎ Direct contact, indirect contact and vector transmission are the main modes of 
transmission.
ÎÎ Direct transmission includes direct contact between people through touch, saliva, 
mucus, blood and other bodily fluids. 
ÎÎ Indirect transmission includes transmission from environmental reservoirs, such as 
soil and water, or from contaminated objects, such as towels or contaminated medical 
supplies.
ÎÎ Vector transmission can be mechanical or biological. 
ÎÎ Biological vectors include insects and other arthropods. 
Example: malaria is transmitted (spread) from person to person by the Anopheles 
species of the female mosquito carrying the protozoan Plasmodium falciparum. 
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CAUSES OF INFECTIOUS DISEASE    
Transmission of a disease during an epidemic

ÎÎ An epidemic is the rapid spread of infectious disease to a large number of people in 
a particular population in a relatively short period of time. The transmission rate 
exceeds the extent of the disease normally found in the population. 
ÎÎ A pandemic is an epidemic that spreads through an entire nation and other countries.
ÎÎ Many factors increase exposure to pathogens and cause the rapid spread of disease. 
ÎÎ Two key factors are: 
• the presence of a continual source of the disease, such as contaminated drinking 

water
• the ease of spread of the pathogen; pathogens can spread more easily and rapidly 

when humans are in close proximity with each other— through overcrowding—and 
with other animals such as farm animals.
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CAUSES OF INFECTIOUS DISEASE    
Microbial testing of food and water samples 

ÎÎ In practical investigations you would have managed the risks associated with inoculating 
nutrient agar plates and growing microbes, autoclaving, and the safe disposal of products.
ÎÎ Employed safe work practices as per below. 
Examples include wearing protective clothing and eyewear; taking care with flaming 
transfer loops, wires and needles; correctly labelling all samples; thoroughly cleaning 
work surfaces; and washing hands thoroughly before leaving the laboratory.
ÎÎ Valid procedures would have been ensured by designing your investigation to use 
variables and experimental controls.
ÎÎ Variables in an investigation are factors that can be changed, maintained or measured, 
such as temperature, concentration or pH of substrate, and time.
ÎÎ Experimental control, also referred to as the controlled variable, is the variable that is 
kept constant during an investigation.
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CAUSES OF INFECTIOUS DISEASE    
The work of Robert Koch and Louis Pasteur
ÎÎ Pasteur discovered that microbes such as bacteria and moulds can cause contamination and 

disease. 
ÎÎ Koch showed that bacteria were the cause of a disease called anthrax in horses, sheep and cows, 

and of tuberculosis in humans. 
ÎÎ Koch’s postulates are rules of procedure for showing that a particular microorganism is the cause 

of a particular disease. 
ÎÎ The four steps in Koch’s postulates are: 

1  Establish the presence of the specific microorganism in all organisms with the disease. 
2  Grow the microorganism in a pure culture and inject it into a healthy organism. 
3  Isolate the microorganism and culture it once that organism has developed symptoms.
4  Compare this culture with the original culture. If they are the same then this shows that the 

microorganism caused the disease.
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CAUSES OF INFECTIOUS DISEASE    
The causes and effects of diseases on agricultural production

ÎÎ Australia is free of the world’s worst plant and animal diseases, such as foot-and-
mouth disease and Avian Influenza H5N1. 
ÎÎ Animal pests and diseases are a major threat to Australia’s livestock and poultry industries. 
ÎÎ Outbreaks can be devastating to farmers and communities and have a negative 
impact on Australia’s export industries. 
ÎÎ As an example, sheep lice can cost producers in NSW around $120 million per year in 
lost production and treatment costs.
Examples of the impact of sheep lice include the following: lousy sheep produce about 
10% less wool; their fleeces have broken wool fibres, making them more felted or 
matted and less valuable; sheep are stressed through the discomfort of irritated skin 
and this causes rubbing and affects feed intake, which damages their hides and makes 
them more susceptible to flystrike.
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CAUSES OF INFECTIOUS DISEASE    
The adaptations of different pathogens that facilitate their 
entry into and transmission between hosts

ÎÎ Pathogens have adaptations to exploit their hosts’ biology, behaviours and ecology 
and this allows them to live in and move between hosts. 
Examples include bacteria, viruses and protozoa that have evolved the ability to 
survive in arthropod vectors, such as insects and ticks, and use these vector to gain 
entry into the host when the vector bites the host or sucks its blood. 
ÎÎ Pathogens also use the life cycle of their vectors to spread from one host to another.
ÎÎ Bacterial and viral infections cause mucus build-up and, therefore, coughing and 
sneezing. Coughing and sneezing help to clear the pathogens from the respiratory tract 
but the sneezing also helps to transmit the disease. 
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RESPONSES TO PATHOGENS
How does a plant or animal respond to infection?

ÎÎ To cause infection pathogens must enter a host and reproduce or replicate. 
ÎÎ Plants and animals have evolved innate defences to prevent the entry of pathogens.
ÎÎ Highly specialised responses to pathogens occur when they enter tissues and cells.
ÎÎ Innate immune responses are general, non-specific defence and response mechanisms. 
These mechanisms are primed and ready to fight an infection at all times. 
ÎÎ All plants and animals have innate immune systems. 
ÎÎ To mobilise a response the immune system must be able to distinguish self from 
non-self.
ÎÎ Non-self includes foreign particles and pathogens. This means that the host must be 
able to first recognise and then protect the body against non-self particles and 
pathogens. 
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RESPONSES TO PATHOGENS   
The responses of plants to pathogens

ÎÎ The passive and active responses of plants to pathogens are shown in this diagram.

Responses activated by injury 
or exposure to pathogens,
such as:
• thickening of the cell walls 
 with lignin
• hypersensitive response 

Active or induced

Stored chemical compounds 
that protect the plant and/or 
are released upon infection 
by a pathogen, for example: 
• plant defensins
• pH 

Passive (preformed)

Chemical barriersPhysical barriers

Innate immune response

For example:
• thick cell walls
•  wax
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RESPONSES TO PATHOGENS 
The response of a named Australian plant to a named pathogen 

ÎÎ Some of the preformed defences and induced responses of Eucalyptus to the fungal 
pathogen Phytopthera cinnamomi are shown below.

Passive defences (preformed) Active defences or induced responses 

Physical barriers Chemical barriers 

thick cuticle and bark; 
waxy leaves and dry leaf 
surfaces
vertically hanging leaves 
prevent the formation of 
moisture which also 
provides some protection 
from water moulds 

stored oils function as 
preformed chemical 
defences, not only against 
defoliating animals but also 
as antifungal and 
antibacterial agents or for 
priming defences in both 
the host and neighbouring 
plants 

the formation of barrier zones in new tissue 
produced by the vascular cambium; these zones 
protect the healthy sapwood by separating it 
from the adjacent infected or damaged tissue; in 
some Eucalypts these zones contain protective 
wound-sealing gums 
periderm separates damaged tissue from healthy 
tissue and prevents spread of the disease(s)
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RESPONSES TO PATHOGENS 
The responses of animals to pathogens

ÎÎ Preformed defences help prevent pathogens from entering the host.
ÎÎ Immune responses are rapidly activated when a pathogen crosses protective barriers 
and begins to replicate. 
ÎÎ These fast-acting mechanisms pre-exist in all animals.

Virus Bacteria Parasites

Phagocytosis Inflammation response

Protective barriers help to keep pathogens from
adhering to surfaces (surfaces are rapidly repaired if wounded)

A pathogen crosses the protective barriers and
begins to replicate

Induced immune responses are immediately activated
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RESPONSES TO PATHOGENS 
The physical or chemical changes that occur in the cells and  
tissues of animals in the presence of pathogens 1

ÎÎ Macrophages immediately recognise pathogens which 
cross protective barriers and begin replicating.
ÎÎ Macrophages then release cytokines which along with 
other chemicals (e.g. histamine) set up the inflammatory 
response.
ÎÎ Macrophages and neutrophils produce toxins to help 
kill ingested pathogens.

Bacterium

Macrophage

Nucleus
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RESPONSES TO PATHOGENS 
The physical or chemical changes that occur in the cells  
and tissues of animals in the presence of pathogens 2

ÎÎ The inflammatory response results in the processes outlined below:
• There is an increase in the diameter of blood vessels, increasing blood flow and 

bringing more white blood cells and defence compounds to the infected site. 
• The cells lining the blood vessels secrete adhesion chemicals that help white blood 

cells bind to the site of infection.
• Increased permeability of blood vessels allows for the white blood cells and defence 

proteins to move out of the bloodstream and accumulate in the infected tissues.
• Fever and an increase in temperature of the tissues and body temperature help the 

immune system fight infection.
• Secretion of proteins that bring about blood clotting help prevent the pathogen 

from entering the bloodstream and spreading to other parts of the body.
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IMMUNITY   
The innate and adaptive immune systems in the human body

ÎÎ The human immune system responds to 
exposure to a pathogen: 
• through the innate immune system 

(a fast-acting, non-specific and broadly 
effective general defense)

• through the adaptive immune system 
(specialised and specific).

Non-specific: 
the innate 

immune system

Humoral defense 
involving B cells,
plasma cells and 

antibodies

Cell-mediated 
defense involving 

T cells

Specific: 
the adaptive 

immune system

Protective barriers on 
the outside of the skin
Protective barriers on 
membranes ‘inside’ 

the body 
Bacteria-killing substances

 Scavenger cells—
phagocytes

Complement system
Natural killer cells

The immune defence systems
in the human body
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IMMUNITY  
The innate immune system in the human body

ÎÎ The innate immune system is made up of the following:
• the skin and all mucous membranes form external and internal barriers
• defense cells are formed from white blood cells such as phagocytes; macrophages are 

the first phagocytes to encounter pathogens in the tissues and they are reinforced by 
neutrophils

• macrophages and neutrophils recognise pathogens by means of cell-surface receptors 
that distinguish self from non-self

• various substances circulate in the blood and in body fluids, such as cytokines and 
antimicrobial peptides called defensins  

• the complement system involves a system of soluble proteins that activate one another 
in a chain reaction

• natural killer (NK) cells specialise in identifying cells infected by a virus or that have 
become cancerous. 
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IMMUNITY  
The adaptive immune system in the human body
ÎÎ The adaptive immune response takes longer to respond but has advantages over the innate 

system, including that:
• it targets the pathogen more accurately
• it acts specifically against certain antigens. 
ÎÎ The adaptive immune system can ‘remember’ the antigen (the pathogen) because it produces 

memory cells. 
ÎÎ After first (primary) contact with the antigen it takes several days for the adaptive immune 

system to respond. 
ÎÎ After a second infection with the same pathogen the adaptive immune system recognises it and 

immediately releases the antibodies needed to fight the pathogen. The defense response is quicker 
and symptoms are usually weaker or absent. 
ÎÎ The adaptive immune system is made up of:
• antibodies (as soluble proteins in the blood)
• B cells  •  T cells.
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IMMUNITY  
Antibodies 

ÎÎ When an antigen enters the body the adaptive immune system produces antibodies 
against it. Each antibody has a unique binding site shape which locks onto the specific 
shape of the antigen. The antibodies destroy the antigen, which is then engulfed and 
digested by macrophages.
ÎÎ Antibodies work in three ways:
• they neutralise the pathogen by either attaching directly to the surface through the 

antigen–antibody complex or by attaching to the toxins produced by bacteria  
• they activate other defense cells such as phagocytes  
• they activate the complement system.
ÎÎ There are different forms of antibodies in the human body; for example, 
Immunoglobulin G (IgG) is an antibody which is mainly produced towards the end of 
a new infection. 
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IMMUNITY  
B cells (B lymphocytes) and T cells (T lymphocytes)
ÎÎ White blood cells differentiate into different types of cells, including lymphocytes. 
ÎÎ B cells (B for bone marrow) are lymphocytes that continue their development in the 
bone marrow. 
ÎÎ T cells (T for thymus) are lymphocytes that migrate from the bone marrow and 
continue their development in the thymus.
ÎÎ Plasma cells are specialist cells produced by the presence of an antigen which stimulates 
the B cells to produce more B cells and plasma cells. Plasma cells make large amounts 
of antibody. 
ÎÎ Memory cells are also produced by B cells.
ÎÎ T cells destroy antigens directly. They have structures on their surfaces that pathogens 
can bind to. 
ÎÎ A pathogen that exactly fits a T cell stimulates this T cell to multiply quickly and 
develop into specialised T cells.
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IMMUNITY  
Humoral and cell-mediated immune responses 

ÎÎ The adaptive immune system has several parts that react in different ways, depending on the 
place in the body where the pathogen is and the type of foreign substance or cell. 
ÎÎ If the infection is outside the cell in the tissues, antibodies are made. This is called the humoral 

immune response.
ÎÎ If the infection is in the cell, a cell-mediated immune response is needed.
ÎÎ The humoral immune response involves B cells that recognise antigens and produce the plasma 

cells that make antibodies. The antibodies are released and circulate through the body to ‘attack’ 
antigens.
ÎÎ The cell-mediated immune response involves mostly T cells. Cell-mediated immunity does not 

involve antibodies. 
ÎÎ It involves the activation of T lymphocytes and the release of various cytokines in response to 

an antigen.
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IMMUNITY  
How the immune system responds after primary exposure  
to a pathogen, including innate and acquired immunity

ÎÎ Innate immunity is naturally present and does not involve response to an antigen or 
confer long-term immunity.
ÎÎ Acquired immunity is achieved through the adaptive immune system and antibodies, 
B cells and T cells. It can confer long-term immunity, which is why some diseases can 
only be contracted once in a lifetime. 

Natural acquired immunity

Passive: antibodies  gained via 
the placenta, breastfeeding 
or antibody serum injection

Active: as a result 
of exposure to

a pathogen

Active: through the
use of vaccines

Artificial acquired immunity

Adaptive immune system
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PREVENTION, TREATMENT AND CONTROL        
How can the spread of infectious diseases be controlled?

ÎÎ Prevention of infectious disease refers to a range of interrelated measures which 
reduce the risks of, and ultimately stop, infections by pathogens in the first place.
Examples of prevention include vaccination, good hygiene practices, health campaigns 
and genetic engineering.
ÎÎ Treatment of infectious disease depends on a range of factors, including the type of 
pathogen, its virulence, the incubation period,  
the severity of the disease and the treatment drugs available. 
Examples of treatments include antibiotics and antivirals.
ÎÎ Control of infectious disease refers to procedures employed to contain and stop the 
spread of disease.
Examples of control include surveillance and early detection, quarantine methods and 
vector control.
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PREVENTION, TREATMENT AND CONTROL   
The range of interrelated factors involved in limiting  
local, regional and global spread of an infectious disease
ÎÎ To limit the spread of an infectious disease it is important to understand a number of factors, 

such as:
• the main mode of transmission
• how the pathogen reproduces or replicates
• the type of setting where spread is most likely to occur
• individual and population susceptibility to the disease
• transmission at different stages of infection
• seasonality of infection.
ÎÎ Factors involved in limiting the spread at the local level include personal hygiene and public 

health responses.
ÎÎ Factors involved in limiting the spread at the regional level include surveillance and area 

quarantining.
ÎÎ Factors involved in limiting the spread at the global level include global surveillance, trade 

restrictions and travel warnings.
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PREVENTION, TREATMENT AND CONTROL   
Procedures employed to prevent the spread of disease 1

ÎÎ Hygiene practices can reduce the risk of objects, materials or food becoming 
contaminated and infectious diseases being contracted.
ÎÎ Quarantine rules limit or control human mobility through travel restrictions and 
impede the introduction of disease through surveillance, border security and screening.
ÎÎ Public health campaigns include health promotion information, immunisation 
campaigns and disease prevention programs.
ÎÎ The use of pesticides can prevent and control disease vectors, such as mosquitoes, and 
control insect infestations and plant diseases in agriculture. Resistance of insects to 
pesticides is now one of the greatest problems impacting on the global control of 
vector-borne diseases.
ÎÎ Genetic engineering makes it possible to engineer the genes of vectors such as mosquitoes 
in order to control the spread of diseases such as malaria, dengue and Zika virus.
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PREVENTION, TREATMENT AND CONTROL   
Procedures employed to prevent the spread of disease 2
ÎÎ Passive immunity is provided when a person is given antibodies. 
ÎÎ Active immunity results when exposure to a disease triggers the immune system to produce 

antibodies. It is long lasting and sometimes lifelong. 
ÎÎ Artificial active acquired immunity comes about through vaccination. 
ÎÎ Vaccination is a procedure that uses vaccines to prevent diseases in populations via immunisation 

programs.
ÎÎ Vaccines are effective in stopping infections, which reduces the need for antibiotics and 

therefore helps limit the spread of antibiotic resistance.
ÎÎ Antigens and adjuvants are the two key ingredients in vaccines. 
ÎÎ Antigens cause the immune system to produce antibodies and/or T cells against a specific 

pathogen or its toxin. 
ÎÎ Adjuvants amplify immune responses by targeting the defence cells and chemicals of the innate 

defence system.
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PREVENTION, TREATMENT AND CONTROL   
The use of pharmaceuticals as treatment strategies for the  
control of infectious disease
ÎÎ Pharmaceuticals are manufactured compounds used as medicinal drugs.
ÎÎ Antivirals treat a narrow range of viruses and include drugs for the treatment of influenza,  

HIV, herpes, hepatitis B and hepatitis C. 
ÎÎ Antibiotics target bacterial pathogens. Antibiotics do not work against viral infections such as 

the cold or influenza. 
ÎÎ Antibiotic- and antiviral-resistant pathogens are key challenges to preventing and treating 

some infectious diseases.
ÎÎ Substantial reductions in infectious disease morbidity and mortality have been achieved 

through the use of pharmaceuticals, access to better health care and preventive practices such as 
improved sanitation.
ÎÎ Morbidity refers to the rate of disease in a population. 
ÎÎ Mortality refers to the number of deaths in a population.
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PREVENTION, TREATMENT AND CONTROL   
Environmental management and quarantine methods used to  
control an epidemic or pandemic

ÎÎ Environmental management and quarantine methods aim to control the spread of a 
disease by reducing exposure to the pathogen through regulation of the environment 
and modification of behaviours.
ÎÎ In evaluating methods to control an epidemic or pandemic you would have made a 
judgement to determine the effectiveness of the management and control based on 
some sort of criteria or measures. 
ÎÎ The rate and extent of spread and severity of disease determines the urgency and 
scope of the response. A fast-spreading epidemic or pandemic with high morbidity 
and mortality requires more extreme measures. 
ÎÎ As a first priority the disease must be identified, contained and controlled at its source 
as quickly as possible.
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PREVENTION, TREATMENT AND CONTROL   
Data relating to the incidence and prevalence of  infectious  
disease in populations 1
ÎÎ Incidence is the number of new cases of a disease at a given time
ÎÎ Prevalence measures the number or proportion of cases of a disease at a given time.
ÎÎ Mobility or movement of individuals influences the incidence and prevalence of disease by 

changing the frequency of contacts between infected and susceptible individuals. More 
susceptible individuals include those with no immunity to the disease or the non-immunised.
ÎÎ The proportion of the population immunised significantly reduces the incidence and 

prevalence of infectious diseases.
ÎÎ The speed and volume of mobility of individuals and human populations is unprecedented in 

human history.
ÎÎ Analysis of data can help in the prediction of potential epidemics as well as in the evaluation of 

strategies to control the spread of disease. 
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PREVENTION, TREATMENT AND CONTROL   
Data relating to the incidence and prevalence of infectious  
disease in populations 2 

ÎÎ Malaria and dengue fever are the most common mosquito-borne diseases in the 
Southeast Asia region. 
ÎÎ Dengue is a viral infection.
ÎÎ Malaria is a disease caused by protozoa.
ÎÎ In Southeast Asia approximately 70% of the population of 1.8 billion people is at 
some risk of malaria, with 26% at high risk; 460 million people inhabit areas with a 
reported incidence of >1 case per 1000 population per year. 
ÎÎ The majority of confirmed cases in the region are due to Plasmodium falciparum 
(a unicellular parasite) although the proportion varies greatly among countries. 
ÎÎ Scientists are concerned that the morbidity and mortality from these diseases will rise 
with the rise in global temperatures, drug resistance and international travel. 
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PREVENTION, TREATMENT AND CONTROL   
Historical, culturally diverse and current strategies to  
predict and control the spread of disease
ÎÎ In evaluating strategies to predict and control the spread of disease you would have 
made judgements about models and systems and how well they help predict outbreaks 
of disease.
ÎÎ Historically there was very little understanding of causes of diseases and therefore 
minimal knowledge of how to prevent, treat or control them.
ÎÎ Culturally diverse strategies need to be understood when trying to predict and control 
the spread of disease in communities.
Examples of current strategies include modelling to predict future occurrences of 
disease; projections and simulations of how a disease will progress and spread; 
identifying hotspots of emerging (novel) infectious diseases to provide early warnings; 
web-based surveillance systems; and technologies that provide enormous and fast 
processing capacity and data storage of disease-related data.
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PREVENTION, TREATMENT AND CONTROL   
The contemporary application of Aboriginal protocols in the 
development of particular medicines  and biological materials 
in Australia
ÎÎ Aboriginal people have developed a close and unique connection with the lands and 

environments in which they live.
ÎÎ They have established distinct systems of knowledge, innovation and practices relating to the uses 

and management of biological diversity. 
ÎÎ Much of this traditional knowledge forms an important contribution to research and 

development, particularly in areas such as pharmaceuticals and agricultural and cosmetic 
products. 
ÎÎ Research and development of traditional medicines and biological materials requires 

partnerships between Aboriginal communities and industries or professions and involves the use of 
Aboriginal protocols.
ÎÎ Protocols are ways of behaving, communicating and showing respect.
ÎÎ The lack of recognition of Indigenous cultural and intellectual property rights is a concern.
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HOMEOSTASIS      
How an organism’s internal environment is maintained  
in response to a changing external environment
ÎÎ Organisms must be able to maintain system structure and function in the face of 
changes in their external and internal environments in order to survive.
ÎÎ Homeostasis involves the mechanisms that control an organism’s responses to 
environmental change.
ÎÎ Changes in temperature and water availability, along with diseases, presents 
significant challenges for organisms and requires coordinated system responses. 
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Living organisms 
need to control:

body temperature and 
metabolic rate concentrations of dissolved 

salts and minerals

concentrations of  
nutrients such as glucose

input and output 
of water

quantities of wastes  
(e.g. nitrogenous wastes)

oxygen and carbon 
dioxide concentrations

removal of malfunctioning cells, 
pathogens and foreign substances

repair of 
damaged cells
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HOMEOSTASIS 
Constructing and interpreting negative feedback loops 1

ÎÎ Homeostasis can be explained using a stimulus-response model in which a change 
in the external or internal environmental conditions is detected and appropriate 
responses occur.
ÎÎ These responses occur via a negative feedback mechanism, which involves:
• a stimulus, which is a change in the environment 
• a receptor that detects the change in the environment
• a control centre that controls the response
• an effector that receives the message and carries out the response
• a response that mitigates the original stimulus, hence the negative feedback.
ÎÎ When you constructed negative feedback loops you would have put the parts of the 
stimulus-response pathway together. 
ÎÎ Flow and circular diagrams would most likely have been used.
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HOMEOSTASIS 
Constructing and interpreting negative feedback loops 2

ÎÎ Negative feedback loops that maintain homeostasis for temperature: 
thermoreceptors detect temperature changes. External temperature changes are 
detected by receptors in the skin. Internal changes are detected by receptors in the 
hypothalamus. These inputs are then sent via the nervous system to the appropriate 
effectors such as muscles and glands. The subsequent response brings about changes 
depending on whether it is hot or cold.
ÎÎ Negative feedback loops that maintain homeostasis for glucose: the pancreas 
produces two hormones, insulin and glucagon, and these regulate the amount of 
glucose in the blood. Insulin lowers blood glucose (blood sugar) levels by facilitating 
glucose transport from the blood into cells. Glucagon raises blood glucose levels by 
metabolising glycogen into glucose.
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HOMEOSTASIS 
Mechanisms used by organisms to maintain their internal  
environment within tolerance limits 1
ÎÎ Endotherms generate their own body heat internally and therefore maintain a constant body 

temperature. 
ÎÎ Body temperatures are controlled largely by altering metabolic processes and by adaptive 

mechanisms that control the rate of heat exchange with the environment.
ÎÎ Thermoregulation has the following general trends and patterns:
• Changing behaviour; for example, curling up into a ball to keep warm.
• Increasing or decreasing metabolic heat production; for example, muscle contraction through 

behaviours such as shivering and rubbing hands increases muscle activity and boosts heat 
production. 

• Controlling the exchange of heat with the environment includes structural and physiological 
circulatory mechanisms such as altering blood flow patterns; for example, vasoconstriction of 
blood vessels that supply the skin reduces blood flow and helps retain heat.
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HOMEOSTASIS 
Mechanisms used by organisms to maintain their internal  
environment within tolerance limits 2
ÎÎ Internal coordination systems that allow homeostasis to be maintained are hormones 
and neural pathways.
ÎÎ Hormones are produced by the endocrine system. Hormones alter the metabolism of 
target cells, tissues or organs by increasing or decreasing their activity. 
ÎÎ Hormones are produced in endocrine glands and released into the bloodstream, 
where they reach target cells via the circulatory system.
ÎÎ Neural pathways consist of the central nervous system (the brain and spinal cord) and 
peripheral nerves. 
ÎÎ The neurone or nerve cell is the basic unit of the nervous system. Nerve cells transmit 
signals by electrochemical changes in their membranes. 
ÎÎ The nervous system provides rapid, short-term coordination of internal organ systems.
ÎÎ The hormonal system provides slower, longer-lasting response coordination.
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HOMEOSTASIS 
Mechanisms used by organisms to maintain their internal 
environment within tolerance limits 3

ÎÎ Mechanisms in plants that allow water balance to be maintained are complex. 
ÎÎ Different plants have different structures for water uptake or minimising water loss 
and different responses in times of water stress; for example, thin leaves with a waxy 
cuticle, sunken stomata or stomata on the underside of the leaf. 
ÎÎ Plants often grow sparsely to minimise competition for limited water and have 
shallow extensive root systems to enable water uptake as soon as it rains. 
ÎÎ Other plants have deep root systems to access water from deeper soil layers.
ÎÎ Other mechanisms include: 
• decreasing photosynthesis in response to water stress (occurs through a number of 

mechanisms such as closing stomata) 
• dropping leaves in response to water stress through the production of abscisic acid.
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CAUSES AND EFFECTS 
The causes and effects of non-infectious diseases in humans 1
ÎÎ Non-infectious diseases are diseases and disorders caused by something other than a 
pathogenic organism.
ÎÎ Non-communicable diseases (NCDs) is another name for these diseases and disorders.
ÎÎ NCDs have now exceeded infectious diseases as the leading cause of death and 
disability worldwide.
ÎÎ Causes of NCDs include genetic disorders, environmental exposure, poor nutrition 
and cancer. 
ÎÎ A combination of factors can be the cause of some NCDs. 
ÎÎ Genetic disorders are inherited diseases caused by genetic mutations passed down 
from parent(s) to offspring. 
Examples include sickle-cell anaemia (caused by a gene mutation) and Down 
syndrome (caused by an additional chromosome 21).
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CAUSES AND EFFECTS 
The causes and effects of non-infectious diseases in humans 2

ÎÎ Diseases caused by environmental exposure include those resulting from exposure to 
a range of potential mutagens in the environment, such as hydrocarbons, pesticides, 
certain foods, pollution and cigarette smoke.
Examples include pleural mesothelioma (a cancer caused mainly by exposure to 
asbestos) and skin cancers (e.g. malignant melanoma caused by excessive exposure to 
ultraviolet radiation).
ÎÎ Nutritional diseases are caused by:
• nutritional deficiency of an important compound such as a protein, vitamin or 

mineral and/or undernutrition; for example, night blindness caused by vitamin A 
deficiency.

• excesses in diet and other behavioural risk factors, such as unhealthy eating and lack 
of physical exercise; for example, diabetes and obesity.

• eating disorders; for example, bulimia and anorexia nervosa.
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CAUSES AND EFFECTS 
The causes and effects of non-infectious diseases in humans 3

ÎÎ Cancer is a disease of the body’s cells. 

ÎÎ Cells normally grow and multiply in a controlled way but if something causes a 
mutation to occur in the cells’ DNA (or mitochondria) this control can be lost. 

ÎÎ Cancer or tumour is the term used to describe the collections of these cells growing 
and potentially spreading within the body. 

Examples of cancers include breast cancer and lung cancer. Breast cancer is the 
abnormal growth of the cells lining the breast lobules or ducts. The main risk factor for 
breast cancer is a strong family history of the disease. Lung cancer is a malignant 
tumour starting in the tissue of one or both lungs; tobacco smoking causes the 
majority of lung cancers.
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CAUSES AND EFFECTS 
Data that shows the incidence, prevalence and mortality rates  
of non-infectious disease

ÎÎ An example of data for lung cancer in Australia is provided in the points below:
• In 2014 there were 8251 deaths from lung cancer in Australia. In 2017 it was 

estimated that this would increase to 9021 deaths.
• In 2014, 11 556 new cases of lung cancer were diagnosed in Australia. This accounted 

for close to 9% of all cancers diagnosed. 
• In 2015 there were 8 466 deaths caused by lung cancer.  
• Data estimates showed that in 2017, 12 434 new cases would be diagnosed. 
ÎÎ The incidence rate is expected to increase with age. It was estimated that in 2017 the 
risk of an individual being diagnosed with lung cancer before their 85th birthday 
would be one in 17.
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EPIDEMIOLOGY  
Patterns of non-infectious diseases in populations

ÎÎ Epidemiology is the systematic and ongoing collection, analysis and interpretation of 
data about epidemics. Epidemiology identifies correlations between disease and risk 
factors to understand the causes of diseases and the populations most at risk.
ÎÎ Analysis of patterns of non-infectious diseases in 
populations means identifying trends in data.
Examples include changes, over time, of patterns in 
specific populations and age distributions.
ÎÎ This graph shows the WHO’s profile of Australia’s 
mortality and risk factors related to non-
communicable diseases in 2014.

Cardiovascular
disease 31%

Cancers
29%

Chronic respiratory
diseases 7%

Diabetes
3%

Other NCDs
21%

Injuries
5%

Communicable, maternal, perinatal 
and nutritional conditions

3%
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EPIDEMIOLOGY
The treatment/management and possible future directions  
for further research of non-infectious diseases
ÎÎ The treatment and management of a disease caused by environmental exposure is outlined 

below.
Example: the treatment for melanoma depends on the stage of the disease and the severity of 
symptoms. Surgery is the main initial treatment. Additional treatments can include 
chemotherapy, radiotherapy, targeted therapy and immunotherapy. Future directions for further 
research include development of a monoclonal antibody targeting the CDK4 antigen in order to 
treat advanced melanoma.
ÎÎ The treatment and management of a nutritional disease is outlined below. 

Example: type 2 diabetes is a largely preventable disease often caused by modifiable risk factors. 
It can be managed initially through changes in lifestyle, including a healthy diet to manage blood 
glucose levels and body weight, and regular exercise to help insulin work more effectively. Future 
directions for further research include improving gut health.
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EPIDEMIOLOGY
Methods used in an epidemiological study

ÎÎ To evaluate methods used in an epidemiological study you make judgements using 
criteria such as the value and scale of the study, the length of time involved, the 
specificity of the population and the site, and an assessment of the evidence and any 
limitations in the study. 
Example: the linking of cause and effect may require many studies involving large 
populations over long periods of time along with rigorous scientific method employed 
in order to eliminate variables. 
ÎÎ Scientific methodology checks the validity and reliability of the study by using 
criteria such as the questions below: 
• Was it established that a problem exists?
• Was as much data collected as possible? 
• Are there patterns and trends? 
• Is there a relationship between the potential disease-causing agent and the disease?
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EPIDEMIOLOGY
The benefits of engaging in an epidemiological study

ÎÎ Benefits include being able to identify risk factors and to determine the resources 
needed for health care, education and research in order to develop targeted public 
health interventions that are cost and resource effective. 
ÎÎ An example of a study and its benefits is provided below.
Example: cervical cancer is the fourth most common worldwide cancer in women. 
In the last two decades epidemiological studies have shown that cervical cancer is a 
rare outcome of a common sexually transmitted infection caused by some types of 
human papillomavirus (HPV). Epidemiological studies have clearly and consistently 
shown the key determinants of infection in women. Findings from the studies have 
resulted in the use of pap smears and, more recently, screening and vaccination 
strategies for the prevention of cervical cancer.
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PREVENTION 
The effectiveness of current disease prevention methods 
and strategies 1

ÎÎ Prevention of non-infectious diseases refers to actions to reduce or eliminate the 
onset, causes, complications or recurrence of disease.
ÎÎ A population-based approach focuses on populations rather than on individuals and 
on prevention and protection rather than on treatment.
ÎÎ A life-course approach to prevention recognises that many chronic diseases are the 
result of risks that accumulate throughout an individual’s lifetime and that these risks 
can and must be reduced and prevented at all stages of life.
ÎÎ In evaluating the effectiveness of current disease prevention methods you would 
have determined the value of strategies by examining the extent to which the prevention 
method(s) contributed to a decline in the incidence and prevalence of disease and 
made judgements against a number of criteria, including the level of prevention.

94

MODULE 8: Non-Infectious Disease and Disorders See  Year 12 Biology p. 211



PREVENTION       
The effectiveness of current disease prevention methods  
and strategies 2

ÎÎ In Australia there is a solid core of evidence about cost-effective preventive 
interventions. The evidence is largely provided by the Assessing Cost-Effectiveness (ACE) 
Prevention study, which was conducted over five years on more than 150 preventive 
health interventions, both population wide and individual. The study found that many 
preventive interventions have very strong cost-effectiveness. 
Examples include tax increases on tobacco, alcohol and unhealthy foods as well as 
mandatory salt limits on processed foods.
ÎÎ The effectiveness of preventive strategies is measured by data collected by the 
Australian Institute of Health and Welfare.
Examples include screening for bowel, cervical and breast cancer and the national 
human papillomavirus (HPV) vaccination program to protect against cervical cancer.
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PREVENTION 
The effectiveness of current disease prevention methods  
and strategies 3
ÎÎ The World Health Organization (WHO) has a global action plan for preventing and controlling 

non-infectious disease.
ÎÎ A growing body of evidence exists in Australia about the prevention methods and strategies that 

work. 
Examples include evidence-based interventions, including taxation; media campaigns; regulation 
of unhealthy products; school-based interventions; classroom-based physical activity; education 
programs in multiple settings; nutrition education; and targeted interventions that reduce the 
chronic disease burden and hence the pressure on the health system.
Examples of education programs, media campaigns and targeted interventions in Australia 
include ‘Slip, Slop, Slap, Seek, Slide’ (community-wide sun protection education) campaigns and 
‘Quit smoking’ and ‘I Can Quit’ national tobacco campaigns (anti-smoking education and mass 
media campaigns that target specific groups such as the young and Aboriginal communities).
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PREVENTION 
The effectiveness of current disease prevention methods  
and strategies 4
ÎÎ Developments in genetic technologies, including genetic engineering, molecular genetics, 

genetic testing, advanced statistical methods, high-throughput technologies and progress in 
studying gene-environment interactions provide researchers with methods and strategies that 
potentially help prevent non-infectious diseases.
ÎÎ Molecular genetics provides evidence that molecules and genetic pathways differ in pre-

cancerous and malignant cells.
ÎÎ Genetic testing is used to test for the mutated genes currently known to be associated with the 

predisposition to certain cancers; for example, in hereditary breast cancer the most common 
mutations are in genes BRCA1 and BRCA2.
ÎÎ Genetic engineering helps prevent disease; for example, the engineering of mice to simulate a 

human genetic disease can then be used to develop novel prevention methods.   
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TECHNOLOGIES AND DISORDERS
Causes of disorders in the structure and function of organs: ears

ÎÎ Our ears provide hearing and balance.
ÎÎ Disorders in the structure and function of the ear results in hearing loss or deafness.
ÎÎ Conductive hearing loss is due to problems with the ear canal, eardrum, middle ear or 
ear ossicles and is caused by middle-ear infections and damage to ear ossicles.
ÎÎ Sensorineural hearing loss is due to problems of the inner ear, such as damage to the 
hairs or nerve cells in the cochlea caused by aging, or cumulative exposure to excessive 
noise or certain drugs. When the cells are damaged electrical signals are not 
transmitted efficiently.
ÎÎ Mixed hearing loss is a combination of conductive and sensorineural hearing loss to 
the outer, middle and inner ear or auditory nerve.
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TECHNOLOGIES AND DISORDERS 
Causes of disorders in the structure and function of organs: eyes

ÎÎ Our eyes provide sight and balance.
ÎÎ Some common disorders are outlined in the table below.

Visual disorder Causes

myopia or near-sightedness 
(short-sighted)

a refractive error caused when the distance between the lens and the retina is too 
great 

hyperopia or far-
sightedness (long-sighted)

a refractive error caused when the distance between the lens and the retina is too 
short 

cataracts a degenerative condition in which the lens of the eye clouds over 

macular degeneration a progressive deterioration of the macula of the retina (the central inner lining of 
the eye) 

glaucoma caused by damage to the optic nerve due to increased pressure within the eyes
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TECHNOLOGIES AND DISORDERS    
Causes of disorders in the structure and function of organs: kidneys

ÎÎ Kidneys are complex organs of the excretory system. 
ÎÎ The main functions of kidneys are to filter blood of wastes and produce urine without 
the loss of too much water. Kidneys also help in the homeostasis of water, glucose and 
inorganic salts.
ÎÎ The nephron is the functional unit of the kidney. 
Examples of disorders of the kidneys include chronic kidney disease caused by risk 
factors such as smoking, high blood pressure, obesity and diabetes; acute kidney injury 
caused by injury, trauma or severe inflammation that restricts blood supply to the 
tissues; and nephritic disease or inflammation of the kidney.
ÎÎ Nephrosis results from a problem with the functioning of the glomeruli. When the 
glomeruli are damaged, proteins from the blood leak into the urine. 
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TECHNOLOGIES AND DISORDERS 
Technologies that are used to assist with the effects of disorders: 
hearing loss 

ÎÎ Hearing aids consist of a microphone that picks up sound waves, converts them to 
electrical signals and sends them to the amplifier which increases the power of the 
signals and sends them to a speaker. 
ÎÎ Bone conduction implants are used for conductive hearing loss. A sound processor 
captures sounds and turns them into vibrations. The vibrations are sent to the implant 
which transmits the sound through bone vibrations to the inner ear. 
ÎÎ Cochlear implants or bionic ears are used to help people who have severe to profound 
hearing loss. A sound processor worn behind the ear picks up sounds and converts 
these into an electrical impulse which is sent to a receiver attached to the skull. The 
receiver relays the electrical impulse to an electrode array surgically inserted into the 
cochlea.
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TECHNOLOGIES AND DISORDERS    
Technologies that are used to assist with the effects of disorders:  
visual disorders
ÎÎ Spectacles and contact lenses are artificial lenses designed to correct the refractive errors of 

myopia and hyperopia.
ÎÎ Laser surgery is a form of vision correction that involves reshaping the cornea to correct refractive 

error. The technology uses a cool-temperature laser and LASIK surgery is the most common form.
ÎÎ Cataract surgery involves the removal of the opaque lens and its replacement with a clear 

artificial lens (called an intraocular lens).

Corrected 
myopia

Corrected 
hyperopia
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TECHNOLOGIES AND DISORDERS
Technologies that are used to assist with the effects of disorders:  
loss of kidney function

ÎÎ Haemodialysis is done at least three times a week and lasts for four to five hours. 
During haemodialysis, needles are used to access the blood. One needle takes the 
blood out for treatment and the other needle returns the blood. The blood is taken 
through a special filter called a dialyser, which cleans it before it is returned to the 
body.
ÎÎ Peritoneal dialysis is done in the home and uses a tube that is put into the stomach. 
Special peritoneal dialysis fluid is used to clean the blood. The fluid must be changed 
regularly. 
ÎÎ A kidney transplant involves surgery where a healthy kidney is taken from one 
person and surgically placed into someone with end-stage kidney disease. 
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TECHNOLOGIES AND DISORDERS 
The effectiveness of technologies used to manage and assist  
with the effects of disorders

ÎÎ Investigating effectiveness means determining the value of the technology and factors 
such as the extent to which it manages and assists with the effects of the disorder, the 
cost and affordability, potential side effects, risks associated with intervention (e.g. 
surgery) and the life of the technology.
ÎÎ Hearing aids are relatively cheap and easy to install. With advances in technologies 
they have become much smaller and digitised. 
ÎÎ Cataract surgery is highly effective and takes less than 30 minutes to perform. Once 
the opaque lens is replaced with an artificial lens it is not possible to develop another 
cataract.
ÎÎ Because the process of dialysis does not match the complexity of the natural kidney it 
must be performed for the rest of a person’s life or until they receive a kidney transplant.
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