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After his study involving 22 Mexican corn farming communities, Ignacio Chapela announced 
in September 2001 that 13 were found to contain contaminated (transgenic) corn. 
 
The two revelations of significance were:  

• Uncontrolled genetic 
contamination occurs in nature – 
this surprised no-one, including 
the multinational company 
(Monsanto) responsible for 
introducing transgenic corn plants 
to Mexican farmers. 

 

• Fragments of transgenic DNA 
inserted into different places in 
the plant genome in a completely 

random way, i.e. genetic 

engineering is not stable, 

contrary to what GMO 

producers (E.g. Monsanto) 

claim – controversy followed.  
 
Monsanto virulently attacked the study, yet two further research studies confirmed 
Chapela’s work. Chapela was fired by University of California, Berkeley. He then 
successfully sued the university for unfair dismissal. 
 
A fascinating follow-up study on Chapela’s research was conducted by Dr Elena Alvarez-
Buylla, on a very simple flower, Arabidopsis thaliana, which has the smallest genome in the 
plant world.  
 
A gene was randomly inserted into the 
plant’s genome with the following results: 
 

• Two genetically identical transgenic 
plants could produce very different 
floral phenotypes. 

 

• Some possessed the natural 
flowers, with four petals and four 
sepals. 

         

• Others had aberrant flowers with 
abnormal bristles or bizarre petals. 

 

• Some were “plainly monstrous”. 
 

• The only difference between the plants 
was the location of the transgene, 
which inserted completely at random. 

123RF 

 

NTNU 
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Many people contend that Monsanto’s claims of scientific rigour appear to be masking other 
more insidious interests of the company. The farmers are restricted to using only the 
transgenic seeds from companies such as Monsanto, as the company can refuse to 
purchase any crops that were not grown from their own seed supply. As a consequence, 
biodiversity of corn varieties suffers.  
 
Similar situations exist with other crop species. In South America, for instance, well over 100 
tomato varieties were grown by farmers prior to the restrictions placed on them by 
multinational food companies. The real risk of countries only growing a few varieties of a 
particular crop is that if a disease affects one crop, it is likely to ravage most others, with the 
potential for a food crisis. 
 
In order to preserve the potentially disease-resistant alleles of from the diversity of original 
crop varieties, massive underground caves have been constructed in the Arctic region 
where seeds from thousands of crop varieties are maintained. 
 

 

 

Main Argument For: 

 

• Without the protection patents provide, there would be insufficient incentive for the 
great investment of time and money required to develop new gene technologies. 

 

 
 

Main Arguments Against: 

 

• Genes are naturally occurring sequences, so they should not be made into patentable 
inventions. 

 

• Gene patents stifle innovation and limit people’s access to healthcare, further 
developments in agriculture, commerce, etc. In Australia, the law prevents others from 
using an “invention”, without permission, for up to 20 years, so genetic testing would be 
limited to the patent holder. 
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… and the controversy still rages: 
 

 
Until recently, Australian patent laws regarding naturally-occurring genes differed from those 
of the USA. A research institution could hold a patent on a gene, restricting other facilities 
from investigating potential cures relating to a faulty gene. However, after a well-publicised 
case was sent to the High Court in 2015, the law has since changed to mirror that of the 
USA. 

The Age, 14 June 2013 

The Age, 6 
September 2014 
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A transgenic organism (TGO) refers to any organism that has a foreign segment of DNA 

artificially inserted into its genome. A genetically modified organism (GMO) refers to any 
organism whose genetic material has been artificially changed. Hence, all transgenic 
organisms are GMOs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In some instances, however, the genetic modification does not 
involve the insertion of a gene from elsewhere.  
 
Switching off (silencing) a gene that controls the production of the 
cat allergen protein in a cat’s skin and salivary glands, for 
instance, results in a GM cat. A transgenic cat, however, is not 
produced. 
 
In this instance of gene silencing, scientists make the cells produce many copies of very 
small RNA molecules called siRNAs that attach to the mRNA molecule they want destroyed. 
The siRNAs recognise the unwanted mRNA, resulting in it being chopped up.  
 
This example of gene silencing allows people, who previously had allergies to cats, to safely 
own one. 

 

iranreview.org 
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*  

 
The CRISPR/Cas system is a prokaryotic immune 
system that confers resistance to foreign genetic 
material such as that inserted by bacteriophages. 
 
‘CRISPR’ refers to short repetitive DNA base 
sequences recognised by the bacterium.  
This gene editing method uses a bacterial nuclease 

(e.g. Cas9) with a guide RNA that is made to match 
the gene sequence to be edited. 
 

When the guide RNA finds its target gene the nuclease cuts the DNA so the gene is 
disabled, removed or replaced with another gene. 
 
Scientists use CRISPR-Cas9 to cut undesirable genes in targeted cells. The cell’s natural 
repair system stitches the DNA back together, but some base pairs are often deleted or 
added in the process, rendering the gene dysfunctional. Hence, these genes can no longer 
be turned on. 
 
Examples of gene-editing applications in agriculture include the creation of hornless cattle, 
double-muscled pigs and cattle and non-browning white button mushrooms 
 

Example 1: Chinese scientists have ‘knocked out’  
specific pig genes which produce antigenic material  
to humans.  
 
If enough gene editing occurs within the cell (so no ‘foreign’  
pig antigens are produced), pig organs may in future be  
used for human recipients, possibly eliminating the need  
for immunosuppressive drugs.  
 
Gene edited pig islet cells from the pancreas are  
almost ready for trials in Type 1 diabetics. 

 

Example 2: To create a mutation in the gene controlling muscle growth in pigs and cattle, 
CRISPR-Cas9 is firstly used to cut the gene.  
 

Again, the cell’s natural repair 
system stitches the DNA back 
together, but some base pairs are 
often deleted or added in the 
process, rendering the gene 
dysfunctional. 
 
 
 
 
 
 
 
          Reports of gene-editing applications in agriculture 
          also include the creation of hornless cattle.   
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In 2016, scientists in the United Kingdom were granted permission for gene editing 
procedures to be performed on human embryos. Despite the fact that it would be illegal to 
transplant any modified embryos into a woman’s uterus, the approval has attracted 
concerns that it is opening the door to designer (GM) babies. 
 

The Possibility of Extending Human Lifespan: 

 
238 genes in yeast, when silenced, increase the lifespan of yeast cells.  
Many of the genes are present in mammals, including humans. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Scientists now believe they can make organisms live 60% longer. Many issues apply if 
consideration is given to increasing the average human lifespan in this manner. 
 
As a process, gene editing is a simpler process than creating transgenic organisms. The 
procedure only targets some (not all) cells without changing DNA sequences of organisms. 

The Age, 2015 
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ucla 

 
 
         Genetic screening is the study of a person's DNA in 
         order to identify genetic differences or susceptibility to 
         particular diseases or abnormalities. 

 
 

 

 

 

 

Uses:  

  

• Adult screening, to identify carriers of an inherited disease, E.g. cystic fibrosis. 
 

• Embryo biopsy or pre-implantation screening. 
 

• Pre-natal screening, using CVS or amniocentesis. 
 

• Predictive screening, E.g. identifying a person at risk of Huntington’s Disease. 
 

Social, Moral and Ethical Issues: 

 

• Privacy. 
 

• Reproductive decisions, E.g. abortion, “designer babies”. 
 

• Lowered self-esteem for those born to parents unable to afford genetic screening, i.e. 
discrimination against individuals in society with features deemed undesirable. 

 

• Should test results be made available to employers, insurance companies etc.? 
 

• Security of stored genetic material and potential for misuse or abuse of the information. 
 

• Legal access to genetic data. 
 

• Reliability of DNA as evidence in courts of law. 
 

• Informed consent for DNA sampling. 
 

Biological Implications: 

 

•  Potential to correct mutations via gene editing 
or gene therapy. 

 

• Intervention in evolution via informed choices  
on abortion, designer babies. 

 

• False positive or negative results. 

genericviagra123 
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Over recent years many Australians have been  
reluctant to undertake important gene tests which  
could improve the chances of early detection of, 
and survival from, particular genetic conditions.  
 
This is a result of insurance companies  
requiring faulty genetic information, if detected,  
to be declared.  
 
Such information can result in higher  
premiums for the individual, or even the  
refusal of the company to consider  
insurance applications based on the high  
risk of future claims from the applicant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Companies can also assist individuals in 
            determining the chances of developing 
            non-life threatening features, such as 
            metabolic (athletic) potential, via genetic 
            screening techniques.  
 

The Age, 7 September 2009 

Science, 10 September 2015 
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A few issues have arisen due to lack of care in the release of genetic screening results. 
Outcomes have been provided to incorrect individuals in numerous cases, providing further 
privacy issues. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fragile X syndrome is associated with the expansion of the CGG trinucleotide repeat. 
It affects the Fragile X mental retardation 1 (FMR1) gene on the X chromosome, resulting in 
a failure to express the fragile X mental retardation protein (FMRP), which is required for 
normal neural development.  
 
Depending on the length of the CGG repeat, an allele may be classified as normal 
(unaffected by the syndrome), a premutation (at risk of fragile X associated disorders), or 
full mutation (usually affected by the syndrome).  
A definitive diagnosis of fragile X syndrome is made through genetic testing to determine 
the number of CGG repeats. 
 
A Melbourne couple is suing the Royal Children's Hospital for failing to diagnose a genetic 
disorder in their first child – an error they allege caused them to have another child with 
severe disabilities. 
 
In a case highlighting the complexities of genetic testing, the couple is also considering legal 
action against a cousin who knew they were a carrier of the condition affecting their family, 
Fragile X Syndrome. The cousin allegedly withheld the information even though other family 
members were at risk of having children with the condition. 

The Age, 21 November 2015 

The Age 
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Gene therapy involves the insertion of a normal functioning allele into cells which only 
contain defective alleles of the gene. 
 

Copies of the inserted allele will be multiplied as transfected cells undergo mitosis. 
 

Examples:   

 

• Insertion of a normal allele preventing severe combined  
immunodeficiency (SCID) via a leukaemia virus (a retrovirus). 

 

• Insertion of Factor 8 allele into haemophiliacs. 
 

• Insertion of normal allele into CF patients. 
 

Social and Ethical Issues, along with 

Biological Implications: 

 

• In numerous SCID cases the treatment has been 
highly successful, however, at least three leukaemia  
cases have resulted from the use of this technique in France. 

 

• CF gene therapy is only temporary, as the allele presented by an aerosol spray does 
not incorporate into a chromosome.  

 

• The precise effects of GM to an embryo may be impossible to know until after birth. 
 

• Access for all individuals. 
 

• Increased lifespan and quality of life. 
 

• Who selects disorders that should be treated? 
 

• Nucleases may not only cut/correct mutated  
genes, but also raise the risk of cuts elsewhere  
in the genome. 

 

• Germline gene therapy and its influence on  
heritable features of a population. 

 

• Possible immune responses to viral vectors. 
 

• Inserting a gene into a position where it doesn’t  
interfere with the function of other genes. 

 

 

Gene editing is a simpler process than gene therapy. It only targets some (not all) cells  
without changing DNA sequences. Prenatal screening and IVF are also safer options. 

Christopher Reid, another successful example of gene 

therapy for SCID 
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Many factors have influenced the emergence of new infectious diseases in human 
populations, as well as the re-emergence of past infectious disease.  
 

Factors include: 

 

• High human population densities. 
 

• Human demographics – people can travel across the globe more freely than ever 
before. 
 

• Regions of poor hygiene and low levels of sanitation. 
 

• Changes in agricultural practices (e.g. the high levels of monocultures and animal 
factory farms). 

 

• Uncontrolled and incorrect use of antimicrobial drugs. 
 

• The high mutation rates of viral, bacterial and protist pathogens. 
 

All of the above factors combine to create a recipe for the spread of infectious disease. 
 
In some cases, if the disease passes from another animal host to a human it is called a 

zoonotic disease. 
 
Examples of emerging infectious human diseases are depicted in the table below.  
 

 

New Diseases • SARS: bat  human 

• HIV/AIDS: primate  human 

• Hendra virus: bat  horse  human 

• Zika virus: mosquito  human 

• CJD prion BSE: cattle  human 

 

Diseases which have increased in 
virulence (the ability of a pathogen  
to cause disease) or range in  
recent decades 
 

• Ebola: bat  human 

• cholera 

• dengue virus 

Diseases likely to increase in 
incidence in the future 

• antibiotic-resistant bacteria 

• Influenza 

• cholera 

• dengue virus 

• prion diseases 
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As mentioned during Unit 3, the prevalence of antibiotic-resistant bacteria has increased 
due to the misuse of antibiotics in society. With bacteria sharing plasmids containing 
antibiotic-resistant genes, new and often dangerous strains are evolving. 

 

• Most people realise antibiotics are becoming increasingly ineffective. 
 

• The high mutation rate of bacteria, along with strong and varied selective pressures, 
causes the evolution of new strains of antibiotic-resistant bacteria. 
 

• Antibiotics are being prescribed too freely by many doctors. The full course of 
antibiotics must be taken to reduce the chances of resistant bacteria evolving (by 
mutation and conjugation) within your body. 
 

• While most bacteria may be destroyed by a particular antibiotic, a few may survive if 
the full course of antibiotics is not taken. Many doctors believe that these surviving 
bacteria possess mutations that make them resistant to the drug, so when they in turn 
reproduce and share plasmids, a population of antibiotic-resistant bacteria can 
emerge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Many common medical procedures,  
from hip replacements to cancer  
therapies now carry greater health risks. 

 
 

A mass of bacteria sharing 
plasmids via conjugation tubes 

sciencephotolibrary.com 
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Infectious diseases are emerging as serious global threats to society. Fungal infections, for 
example, kill more people than malaria or breast cancer but are not considered a priority. 
 
More than one million people die from fungal infections around the world each year. Yet 
there are no vaccines and there is a dire need for new treatments. The warning comes as 
doctors in England say a new strain of fungi is causing outbreaks in hospitals. 
 
There are more than five million types of fungi, but only three major groups cause the 
majority of deaths in people: 
 

• Aspergillus – which affects the lungs. 

• Cryptococcus – which mainly attacks the brain. 

• Candida – which infects mucosal membranes including in the mouth and genitals. 
 
Fungal infections are more deadly in people with weakened immune systems - such as 
patients with HIV - so the fungal problem is particularly acute in Africa. 
 
Patients having cancer therapy or who are taking immunosuppressant drugs after an organ 
transplant are also more susceptible to infection. 
 

 
Containment and control of disease involves the following key steps: 
 
  
 
 
 
 
 
 
 
 

 

Heinemann Biology 2 

Prevention: 
 

• Hygiene. 

• Disinfection. 

• Sterilisation. 

• Personal protective 
equipment. 

Isolation: 
 

• Quarantine. 

Control Carriers: 
 

• Cull infected 
animals. 

• Destroy infected 
crops. 

• Eradicate vectors. 

Eradication: 
 

• Vectors. 

• Pathogens. 

Vaccination for 

Specific Pathogen: 
 

• Prevent 
recurrence. 
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A variety of chemical agents are used against pathogens and the spread of disease.  
Antimicrobial medicines can be grouped according to the type of pathogen they are 
targeting.  

E.g. antibiotics are used against bacteria, antifungals are used against fungi, and antiviral 
drugs act specifically against viruses. 
 
Bacteria and viruses differ markedly in their structure and how they function, so the 
chemical agents used against them differ significantly. 
 
 

 

 

Antiseptics are chemicals used to destroy or inhibit growth of pathogens on the body. 
They are typically alcohol-based (thus denaturing proteins and breaking down lipids). 
 

 

 

 

 

 
 
 
 
 
 
 
 

 

• Disinfectants are chemicals (E.g. bleaches) used  
to destroy or inhibit growth of pathogens on objects  

(E.g. surgical equipment, shower bases etc.). 
 

• Dilute disinfectant solutions may be used as antiseptics in 
some cases. 

 

• We drill our children to wash their hands, but kids who grow up 
on farms or with a dog seem to be healthier. Sheltering 
children from microbes prevents the appropriate development 
of the immune system. 
 

• Cleaning products contain a dizzying array of antibacterial 
compounds, some of which can damage our health or 
encourage bacterial resistance to antibiotics. 
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Antibiotics are a type of drug used in the treatment and prevention of bacterial infections. 
They may either kill or inhibit the growth of bacteria. 
 

The earliest antibiotics used by humans (E.g. penicillin) are naturally-occurring molecules 

used by other bacteria and fungi (E.g. the blue mould, Penicillium) to control the growth of 
bacteria. Many antibiotics are modified versions of naturally-occurring molecules. 
 
Antibiotics ideally kill bacteria without harming their eukaryotic host, in most cases humans. 
Hence, their mode of action typically targets biochemical pathways or structures unique to 
bacteria. 
 
Commonly used antibiotics vary in their modes of action against a variety of undesirable cell 
types: 
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Antiviral drugs are a class of medication used specifically for treating viral rather than 
bacterial infections. Most antivirals are used for specific viral infections, while a broad-
spectrum antiviral is effective against a wide range of viruses. Unlike most antibiotics, 
antiviral drugs do not destroy their target pathogen. Instead they inhibit their development. 
 
Most antiviral drugs are considered relatively harmless to the host, and can be used to treat 
infections. Natural antivirals are produced by some plants such as Eucalyptus trees. 
 
Targets for antiviral drugs often include:  
 

• DNA/RNA polymerase enzymes encoded by viral genes. 
  

• Capsid proteins which surround the genome of an extracellular form of virus (virion). 
 

• Viral envelope proteins. The viral envelope is picked up by some viruses when they 
bud off from a host cell. It contains proteins used as recognition molecules for binding 
to, and entering target host cells. 

 
Each different antiviral drug works by disrupting one key step in the viral reproduction 

pathway, E.g. 
 

• Preventing the virus from entering the host cell by binding to receptors that allow the 
 virus to enter. 

 

• Inhibiting enzymes that catalyse the reproduction of the viral genome. 
 

• Blocking transcription and translation of viral proteins. 
 

• Preventing the virus from leaving the cell and further infecting other cells. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Heinemann Biology 2, 2017 Heinemann Biology 2, 2017 
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Antiviral drugs for DNA Viruses (E.g. Herpes simplex) and RNA Viruses (E.g. influenza) 

are continually being developed. Certain RNA viruses (E.g. HIV) use their own reverse 

transcriptase enzymes to produce DNA from their RNA after they enter the host cell. They 
then use an enzyme called integrase to permanently insert the retroviral DNA into the host 
cell chromosome. Some antiretroviral drugs specifically inhibit reverse transcriptase or 
integrase in their action. 

Influenza A viruses possess two important surface proteins.  

 

Hemagglutinin (HA) is used to attach the virus to the host cell, and Neuraminidase (NA) is 
used to cut the newly-synthesised virion free from the cell so it may go on to attack other 
host cells. 
 

Known antigenic subtypes: 

 

• H1 to H15 
 

• N1 to N9 
 

Examples of influenza A subtypes: 
 

• H1N1, H5N1, H3N2 etc. 
 
 
 
 
 
 
 
 
 
 
 

Only two subtypes are in general human circulation today: 

 

• H1N1 and H3N2 
 

cdc.gov/flu 



 
    The School For Excellence 2018            VCE Essentials – Unit 4 Biology –  Book 3            Page 18 

Subtypes in other organisms: 
 

• All possible subtypes have been detected in birds except H17N10 & H18N11. 
 

• In pigs: H1N1, H3N2 & H1N2. 
 

• In horses: H7N7 & H3N8. 
 

• In dogs: H3N8 & H3N2. 
 

Frequent mutations resulting in small changes in influenza RNA are examples of antigenic 

drift. 

 
A major and sudden change in the surface proteins (H and N) of influenza which give the 

virus its identity is called antigenic shift. Antigenic shift is restricted to the influenza A strain 
of viruses (and not influenza B or C strains) as they also infect species other than humans, 
including birds and pigs. 
 
When one host is infected with two different kinds of influenza A virus a new combination of 

genetic material can be produced within newly-made viruses by re-assortment. 
 
Re-assortment of the genetic material of two influenza A viruses can form a new subtype of 
this virus. Re-assortment can occur when a host cell is infected by two or more different 
subtypes of influenza A virus (see below). 

 
 

Adapted from Nature of Biology 2, 2017 
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The respiratory tracts of pigs possess receptors for both human and avian influenza viruses. 
Hence, pigs can be infected with influenza viruses from people, birds and other pigs. 
 
Re-assortment of influenza viruses (antigenic shift) can therefore occur in pigs. 
 

 
 
The genetic re-assortment produces an antigenic shift that creates a new subtype of 
influenza A virus that can infect people. 
 
As a consequence, flu vaccines have a limited period of effectiveness and must be updated. 
 
 

Nature of Biology 2, 2017 
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An emergency hospital during an influenza epidemic, Kansas, USA 
 

Thought to be ground zero for an outbreak of influenza in 1918, the resulting 
pandemic would kill more than the 17 million people the war took itself. 

 

 
 

An epidemic is the rapid spread of infectious disease to a large number of people in a given 
population within a short period of time, usually two weeks or less. 
 
The disease outbreak is concentrated in a particular region.  

 

 

 

 

 

 

 
  

  

  

  
 
 
 
 
 
 
 
 
A pandemic is an epidemic of an infectious disease that has spread through human 

populations across a large region; E.g. across continents. 
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Rational drug design involves the analysis of a disease to determine the 3D 
conformational shape of the relevant enzyme active site. 

A drug is then designed to block the active site. Competitive inhibitors are commonly 
designed for the purpose of blocking the activity of a faulty or undesirable enzyme. 

 

 
Drugs work by interacting with target molecules in our bodies and altering their activities in a 
way that is beneficial to our health. In some cases, the effect of a drug is to stimulate the 
activity of its target while in other cases the drug blocks the activity of its target.  

 

 
 

 

The first drug produced by rational design was Relenza, which is used to treat influenza. 
Relenza was developed in Australia by scientists choosing molecules that were most likely 
to interact with neuraminidase, a virus-produced enzyme that is required to release newly 
formed viruses from infected cells.  
 
Influenza invades host cell and reproduces. Relenza binds to the active sites of 
neuraminidase (an enzyme on surface of the virus which is required to cut its connection to 
the host cell and spread to other cells), trapping the virus at surface of cell, thereby 
preventing it from infecting other cells. 
 

Sunday Age, 13/05/2007 
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Glivec is a drug designed for the molecularly targeted treatment of chronic myeloid 
leukemia.  
 
Glivec specifically blocks the pathway that causes uncontrolled cell division of white blood 
cells resulting in myeloid leukemia. A single defective protein (a tyrosine kinase enzyme) 
causes chronic myeloid leukemia.  
 

Without Without 
GlivecGlivec

With With 
GlivecGlivec

Rational Drug Design Rational Drug Design –– GlivecGlivec

Defective Defective 
enzymeenzyme

Defective Defective 
enzymeenzyme

 
 
Glivec is a specific inhibitor to the enzyme that causes an abnormal cell pathway. Glivec 
blocks the incorporation of ATP into the defective enzyme, so it can no longer function. 

 

 

Remicade is a drug designed to treat certain autoimmune diseases, e.g. rheumatoid 
arthritis. It is known as a "chimeric monoclonal antibody" (the term "chimeric" refers to the 
use of both mouse and human components of the drug).  
 

The drug blocks the action of the protein TNFα (tumour necrosis factor alpha) by binding to 
it and preventing it from signalling the TNFα receptors on the surface of cells. TNFα is one 

of the key cytokines that triggers and sustains the inflammation response.  
 
Hence, sufferers of rheumatoid arthritis, who 
normally experience painful and exaggerated 
inflammation, gain relief from this inflammation 
suppressing drug. 
            
 

              

 

interpharma.ch 

The action of Remicade     remicade.com                   
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QUESTION 2 
Which of the following examples of genetic terminology are correct to use? 
 
(a) Dominant gene _________________________ 
 
(b) Dominant trait _________________________ 
 
(c) White allele _________________________ 
 
(d) White gene _________________________ 
 
(e) White phenotype ________________________ 

 
 

 

QUESTION 3 
The study of gene action in cells is leading to significant advances in medicine.  
Which of the following statements regarding human genes is true? 
 
A All genes within a cell turn on during the lifespan of that cell. 
B Most of the DNA in a cell is made up of genes. 
C Most genes within a cell are not relevant to the activity of that cell. 
D All of the DNA in a kidney cell can be found within its nucleus. 
 
 

 

QUESTION 4 
An interesting human evolutionary fact is that 102 males are born for every 100 females. 
Can you think of an evolutionary reason for this birth pattern?  
 

_________________________________________________________________________ 
 

_________________________________________________________________________ 
 

_________________________________________________________________________ 
 

_________________________________________________________________________ 
 

_________________________________________________________________________ 
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QUESTION 5 
Use the key to determine which of the following best represents a DNA nucleotide: 
 

  

  
 

 
 

 

A  

B  

C  

D  

 
 

QUESTION 6 
Which of the following is correct? 
 
A Phenotype = the observable characteristics of an organism. 
B Genotype = phenotype x environment. 
C Phenotype = sum of all alleles in a population. 
D Genotype = all the DNA within a cell. 
 
 

QUESTION 7 
A restriction enzyme (endonuclease): 
 
A Joins pieces of DNA. 
B Has a recognition sequence. 
C Always produces sticky ends. 
D Will produce two fragments when it cuts a circular vector once. 
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QUESTION 8 (VCAA 2008) 
The genome of a small virus is depicted below, showing the positions of cutting sites  
(P and Q) for two restriction enzymes. 
 
 

 
 
 

The length of DNA fragments obtained when using these restriction enzymes is shown in 
the table below. 
 

CUTTING SITE 
RESTRICTION ENZYME 

USED 

 

LENGTH OF DNA 

FRAGMENTS OBTAINED 

(KB) 
 

Q Eco R1 3,7 

P Bam H1 8,2 

 
 

If both Eco R1 and Bam H1 are used together on this viral DNA, the length of fragments 
obtained would be: 
 
A 3, 8, 5, 2 
B 7, 2, 1 
C 3, 5, 2 
D 3, 7, 8, 2 
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Use the following information to answer Questions 9-11: 
 

To clone a gene of interest, the following four steps are performed: 
 
1.  A plasmid is cut with a specific restriction enzyme. 
 
2.  The gene of interest is ligated into the plasmid. 
 
1.   Plasmids are transferred to bacteria. 
 
4.  Bacteria are grown on four nutrient agar plates (labelled W, X, Y and Z) that are 
 coated with or without ampicillin and arabinose. 
 
An example of a plasmid used in cloning is shown below. 
 

 
 
This plasmid contains a restriction site and the following three genes: 
 

• ampR – confers resistance to the antibacterial agent ampicillin. 
 

• gfp – encodes the green fluorescent protein (GFP), which fluoresces under UV light. 
 

• araC – encodes a protein required to promote the expression of gfp when arabinose is 
present. 

 
The results from a bacterial transformation experiment are shown in the table below. 
 

Plate 

 

W 
 

Untransformed 
bacteria only 

 

X 
 

Untransformed 
bacteria only 

Y 
 

Transformed 
bacteria only 

Z 
 

Transformed 
bacteria only 

Diagram of 

Plate 

 

 
    

Added to Plate 
Nutrient agar 

only 
Nutrient agar 
and ampicillin 

 

Nutrient agar, 
ampicillin and 

arabinose 
 

Nutrient agar 
and ampicillin 

Description of 

Result 
Lawn of bacteria No growth 

 

Bacterial 
colonies present 

 

Bacterial 
colonies present 
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QUESTION 9 (VCAA 2015) 
Bacteria are used in gene cloning because they: 
 
A  Contain restriction enzymes that randomly cut chromosomes into fragments of varying 
 size. 
B  Can replicate non-bacterial sequences of DNA in a short time. 
C  Replicate exponentially by undergoing mitotic divisions. 
D  Allow the entry of foreign DNA into their nuclei. 
 
 

QUESTION 10 (VCAA 2015) 
Which plate would contain bacteria that fluoresce under UV light? 
 
A  Plate W 
B  Plate X 
C  Plate Y 
D  Plate Z 
 

 

QUESTION 11 (VCAA 2015) 
Which one of the following statements is an accurate description for the purpose of plate  
W or X? 
 
A  Plate W shows that the plasmid was cut with a restriction enzyme. 
B  Plate W shows that the percentage of transformed bacteria was high. 
C  Plate X shows that the nutrient agar promoted the growth of viable bacteria. 
D  Plate X shows that ampicillin was effective in killing the untransformed bacteria. 
 
 
 


