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This chapter is designed to enable students to:
 ■ understand the processes involved in various gene technologies, in particular, 
gene cloning and DNA profi ling

 ■ become aware of a range of applications of gene technologies
 ■ recognise that the use of gene technologies may raise ethical and social issues.

14 DNA applications in society

chAPTEr

figurE 14.1 This new 
cemetery in France is the 
last resting place of some 
Australian soldiers killed in the 
tragic battle of Fromelles in 
July 1916 and whose remains 
were unaccounted for until 
2009. In that year, the remains 
of 211 soldiers were recovered 
from an unmarked mass grave. 
Since then, many have been 
identifi ed, partly with the 
assistance of DNA technology. 
In this chapter, we will explore 
several gene technologies 
developed because of 
our understanding of the 
workings of DNA and consider 
some social and ethical 
implications associated with 
their use. (Image courtesy of 
Marjory Martin.)
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insulin: a life saver
A young teenage boy lay dying in the Toronto General Hospital in Canada 
in January, 1922. Th e cause of his impending death was the fact that his 
blood glucose levels were out of control and had risen to dangerously high 
levels. At the same time, in spite of the excessive glucose in his blood, the 
boy’s cells were starved of the glucose they needed to generate the energy 
for their life-sustaining metabolic reactions. With no treatment available, 
his urine was loaded with glucose, he had lost weight, was physically weak 
and his organs had been damaged. It was just a matter of time until he fell 
into a coma and died. Th e boy was suff ering from what today we call type 1 
diabetes, but it was out of control.

Th e boy’s imminent fate was not unusual at that time. With no eff ective 
medical treatment available, anyone with type 1 diabetes was faced with the 
prospect of a greatly shortened lifespan. At best, the lifespan of aff ected young 
people might be prolonged, perhaps by up to a year, by placing them on a 
near-starvation diet with virtually no intake of carbohydrates. (Th e major 
product of digestion of carbohydrates is glucose, so eating carbohydrates 
would produce a further increase in already dangerously high levels of blood 
glucose.) Th is intervention, however, simply delayed the inevitable death of an 
aff ected person.

However, the young Canadian boy was to cheat death on this occasion. He 
became the fi rst person ever to receive an injection of insulin, a pancreatic 
hormone that regulates blood glucose levels. Th is injection reduced the boy’s 

blood and urinary glucose concentrations to normal 
levels and enabled his cells to take up glucose. He 
gained weight, his appetite was restored and, by May 
1923, the boy was in good health and was discharged 
from hospital.

finding the elusive substance
In the fi rst part of the twentieth century, it had been 
known for some years that particular cells of the 
pancreas, called the islets of Langerhans, produced a 
mysterious substance that kept blood glucose levels 
within narrow limits. In a vain attempt to alleviate the 
symptoms of diabetes, people were fed or injected 
with pancreatic tissue, but this had no eff ect. Many 
attempts to isolate this elusive substance failed.

However, in July 1921, after many trials, Frederick 
Banting (1891–1941) and Charles Best (1899–1978), 
working under the direction of John Macleod 
(1876–1935) at the University of Toronto in Canada, 
isolated a crude substance that could alleviate the 
diabetic symptoms of dogs that had their pancreases 
removed (see fi gure 14.2).

In December 1921, biochemist James Collip 
(1892–1965) purifi ed the crude pancreatic extract and 
made it suitable for human use. This substance was 
later named insulin by them.

figurE 14.2 Charles Best and Frederick Banting, 
co-discoverers of insulin, photographed with Marjorie, 
the fi rst diabetic dog to be brought out of a coma 
using insulin.
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In January 1922, the insulin isolated by Banting and Best and purifi ed by 
Collip was injected into the dying teenager in the Toronto General Hospital, 
and it saved his life. By 1923, large-scale production of insulin by drug com-
panies made this life-saving drug widely available, saving millions of lives. In 
the same year, the Nobel Prize in Physiology or Medicine was awarded jointly 
to Banting and Macleod ‘for the discovery of insulin’, and they shared their 
prizes with Best and Collip.

Early commercial production of insulin
Th e starting points for the commercial production of insulin by drug com-
panies were the pancreases of cattle and pigs obtained from abattoirs. For 
nearly six decades, the insulin used for injections of people with type 1 dia-
betes came from these sources.

Th is insulin eff ectively controlled blood sugar levels, but some people suf-
fered local reactions to this insulin, such as rashes and swellings at the injection 
sites. Th is may have been because the product contained trace amounts of 
impurities. Human insulin is a protein hormone built from a total of 51 amino 
acids organised as two chains: an amino acid A chain containing 21 amino 
acids, and an amino acid B chain containing 30 amino acids (see fi gure 14.3). 
In comparison, insulin from cattle diff ers in three amino acids, and there is a 
single amino acid diff erence between pig insulin and human insulin. Because 
insulin from pigs and cattle is not a perfect match to human insulin, there is 
also the risk of allergic reactions occurring in some people.
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figurE 14.3 Primary structure of human insulin showing the amino acid A chain containing 
21 amino acids, and the amino acid B chain containing 30 amino acids. Note the three 
differences in the primary structure of insulin isolated from a cow pancreas — two in the A chain 
at amino acid residues 8 and 10, and one in the B chain at amino acid residue 30. Pig insulin has 
a single difference at position 30 in the B chain.

Then came recombinant insulin
First, some defi nitions:
•	 Gene cloning is the process by which a gene of interest is located and cloned 

(copied) to produce multiple copies.
•	 Recombinant DNA is DNA that is formed by combining DNA from diff erent 

sources, often from diff erent kinds of organisms.
•	 Recombinant proteins are proteins that are expressed by recombinant DNA 

present in an organism. A protein obtained by introducing recombinant 
DNA into a host (such as a bacterial cell or yeast cell) produces the gene 
product. A cloned gene encodes the amino acid sequence of such a protein.
In the 1980s, a major breakthrough occurred when the American 

drug company Eli Lilly used gene cloning and expression of the copied 
genes to produce recombinant (rec) human insulin, known as Humulin® 

Odd fAcT

At a scientifi c meeting in 
May 1923, John Macleod 
presented a paper titled ‘The 
Effects Produced on Diabetes 
by Extracts of Pancreas’, 
which was received with 
great excitement. The authors 
of the paper were Banting, 
Best, Collip, Campbell, 
Fletcher, Macleod and Noble. 
Campbell and Fletcher were 
the physicians who injected 
the dying Canadian boy with 
insulin extracted from cattle 
pancreases.

Odd fAcT

Almost 1000 kilograms of pig 
pancreases were required to 
produce about 100 grams of 
pure insulin.
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(see fi gure 14.4). In late October 1982, the Food and Drug Administration 
(FDA) of the United States approved Humulin® for human use, and it has now 
replaced the insulin prepared from non-human sources, such as from the pan-
creatic tissue of cows and pigs.

Today, if the beta cells of the human pancreas fail to produce insulin, recom-
binant human insulin can substitute for the missing hormone. Following the 
development of Humulin®, other recombinant insulins have been developed 
with slightly diff erent properties, including rapid-acting forms (e.g. generic 
name: Insulin lispro) and long-acting forms (e.g. generic name: Insulin 
glargine). Figure 14.5 shows the time course of action of these various forms of 
insulin on blood glucose levels. Insulin is now supplied in vials, as pumps and 
as pens (see fi gure 14.6).
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figurE 14.5 Time course of action of various forms of recombinant insulin on 
blood glucose levels. Which type would be expected to be the best to manage 
the surge in blood glucose levels soon after eating a meal?

figurE 14.6 An insulin pen that can be conveniently carried and used to 
administer insulin.

figurE 14.4 When beta cells 
of the human pancreas fail to 
produce insulin, recombinant 
human insulin made by gene 
manipulation techniques can 
substitute for the missing 
hormone. Shown here is 
Humulin® or recombinant (rec) 
insulin produced by gene 
cloning.

UNCORRECTED P
AGE P

ROOFS



645CHAPTER 14 DNA applications in society

c14DNApplicationInSociety 645 25 October 2016 10:41 AM

The list of recombinant proteins expands
The first recombinant protein to be developed and made available commer-
cially was Humulin®. Since 1982, the expression of cloned genes has been used 
to produce many other recombinant proteins, both hormones and enzymes, 
that are used clinically. Table 14.1 identifies just some of these recombinant 
proteins.

TABLE 14.1 Some recombinant DNA technology products. The host cell is the 
‘cellular factory’ in which the genes concerned are cloned and then expressed as a 
particular protein product. (Humulin®, Puregon®, etc. are registered trademarks for 
products, just like Weeties and Vegemite.)

Example of rec protein Host cell type Use of rec protein

Humulin® (rec insulin) E. coli bacteria
or yeast cells

used in treatment of type 1 
diabetes

Humatrope® 
(rec human growth 
hormone)

E. coli bacteria
or yeast cells

used in treatment of growth 
deficiency in children

Puregon® (rec human 
follicle-stimulating 
hormone) 

hamster ovary cells
 

promotes ovulation and is 
used in the treatment of 
infertility

Recombinate®  
(rec factor 8)
 

hamster ovary cells
 

blood clotting factor used to 
control bleeding episodes in 
haemophilia

Erythropoietin
(rec hEPO)

hamster ovary cells
 

used in treatment of severe 
anaemia

Interferons (recIF) E. coli bacteria used as an anti-viral  
treatment

Hepatitis B vaccine
(rec HBsAg)

yeast cells or
hamster ovary cells

used in immunisation against 
hepatitis B infection

Some of these recombinant proteins, such as Humulin®, replaced products 
that were previously extracted from tissues of other species. Other recombi-
nant proteins, such as human growth hormone (rec hGH), replaced products 
that were extracted from tissues of dead people (cadavers).

Other recombinant proteins replaced products that were extracted from 
tissues of living people, such as follicle stimulating hormone (FSH), which was 
previously extracted from the urine of post-menopausal women, and hepa-
titis B vaccine, which was previously based on antibodies extracted from the 
plasma of people with chronic hepatitis infection.

Finally, other recombinant proteins are new products that have only ever 
been produced through expression of cloned genes — these include proteins 
involved in aspects of immunity, including monoclonal antibodies, (rec Mabs), 
colony stimulating factor (rec CSF), and interferon (rec IF).

Advantages of producing proteins through expression of cloned genes as 
compared to extraction from other biological sources include:
•	 high levels of purity
•	 reliability of supply
•	 consistency of quality between batches.

The following section identifies a tragic problem that emerged when the only 
source of one hormone for clinical use was by extraction from human tissue 
sourced from a very large numbers of cadavers.
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The growth hormone story
Human growth hormone (hGH), secreted by the pituitary gland, stimulates 
the growth of all body tissues, including bones. hGH was first isolated from 
human pituitary glands in 1956. By the 1960s, hGH was in clinical use in the 
treatment of children and adolescents with a particular growth deficiency. 
This treatment often involved the subcutaneous injection of growth hormone 
on a daily basis.

Throughout the 1960s, 1970s and early 1980s, the only source of human 
growth hormone was from pituitary glands recovered from cadavers. To 
produce sufficient growth hormone for use, very large numbers of pituitary 
glands from cadavers were required. Each batch of hGH was derived from a 
pool of pituitary glands from about 16  000 cadavers. During a year, patients 
received their hGH injections from two or three different batches. (A batch is a 
quantity of a medicine or drug that is manufactured under specific conditions 
during a specific period.)

In the mid 1980s, a small number of young adults were diagnosed with 
Creutzfeldt-Jakob Disease (CJD). This disease has a long incubation period but, 
once the disease symptoms appear, it progresses rapidly and is fatal, typically 
within a period of 8 to 18 months. CJD is the result of a slow-acting abnormal 
prion infection (refer back to chapter 6, page 228).

The appearance of CJD in young adults was unheard of and highly unex-
pected. Investigation revealed that, in every case, all these affected young 
adults had been treated over an extended period in childhood and ado-
lescence with daily injections of hGH extracted from pooled human cadaver 
pituitary glands. It was concluded that one or more of the pituitary glands used 
to prepare growth hormone during some period of time came from people 
with CJD and was the source of the abnormal prions.

The distribution and clinical use of cadaver-derived hGH was stopped. 
By 2012, worldwide, 226 cases of this iatrogenic CJD resulting from cadaver- 
derived growth hormone had been reported, with most cases occurring in 
France, the United Kingdom and the United States.

In 1985, recombinant hGH became available — this was produced using 
gene cloning and expression of the cloned genes, a process that removed 
the risk of prion infection. This rec hGH is now the standard treatment for 
children and adolescents with growth deficiencies arising from a lack of 
this hormone. 

In the upcoming box, you can read how the islet cells of your pancreas 
produce inactive pre-proinsulin, which is transformed in these cells to 
 proinsulin and then to active insulin, which is secreted into the bloodstream.

kEy idEAs

 ■ The pancreatic hormone, insulin, was first isolated and purified for human 
use as a result of the combined efforts of four Canadian scientists.

 ■ Insulin derived from cattle pancreases was first used clinically in 1923.
 ■ For more than five decades, insulin for clinical use was extracted from the 
pancreases of cattle and pigs.

 ■ Recombinant human insulin became available in 1982 using the expression 
of cloned genes.

 ■ The range of recombinant polypeptides and proteins continues to increase.
 ■ Growth hormone derived from pituitary glands from cadavers was a source 
of prions that resulted in deaths from CJD of some young adults treated in 
childhood and adolescence with this hormone.

A growth deficiency in a child or 
an adolescent is typically identified 
when he or she is much shorter 
than most others of the same age 
and gender.

Odd fAcT

An iatrogenic disease is one 
that is the result of a medical 
or clinical procedure. The 
first ever case of iatrogenic 
CJD was reported in 1974 
and involved the recipient of 
a corneal transplant from an 
infected cadaver donor.
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frOM PrE-PrOinsuLin TO insuLin

Th e INS insulin gene is translated in the beta cells 
of the islets of Langerhans of the pancreas on the 
ribosomes.

Th e product of translation is an inactive poly-
peptide consisting of 106 amino acids known as 
pre-proinsulin.

Pre-proinsulin moves from the ribosomes into the 
channels of the rough endoplasmic reticulum where 
it is acted on by a protease enzyme that removes the 
leading 24 amino acids of this molecule, a signal 
sequence. Th is leaves an inactive precursor mol-
ecule of 82 amino acids called proinsulin.

Proinsulin is transported to the Golgi complex 
where it undergoes further modifi cation. In the Golgi 

complex, proinsulin molecules are folded, covalent 
bonds form and the molecules are packaged into 
membrane-bound secretory granules.

Within the secretory granules, the proinsulin is 
cleaved by an enzyme that removes a segment of 
31 amino acids, called the C chain (or C peptide). 
Th e remainder forms active insulin molecules, each 
composed of an A chain and a B chain held together 
by strong covalent disulfi de - S – S - bonds. Active 
insulin is then exported from the Golgi complex into 
the bloodstream as required. Th e signal for its release 
is an elevation in the normal blood glucose levels.

Figure 14.7 gives a simplifi ed summary of this 
process of conversion of pre-proinsulin to insulin.
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figurE 14.7 Diagram showing 
the formation of active insulin from 
pre-proinsulin. (a) Pre-proinsulin, the 
immediate product of gene translation, 
is quickly modifi ed to proinsulin 
by removal of the leading signal 
sequence. (b) Proinsulin, the inactive 
precursor of insulin, is modifi ed 
to active insulin by removal of the 
C chain. (c) Active insulin is formed by 
the removal of the C fragment, leaving 
the A and B chains held together by 
covalent disulfi de bonds.

UNCORRECTED P
AGE P

ROOFS



NATURE of biology 2648

c14DNApplicationInSociety 648 25 October 2016 10:41 AM

Quick chEck

1 Briefly explain the following terms:
a ‘recombinant protein’
b host cell.

2 Why was insulin called ‘a miracle drug’ when it first became available?
3 Identify the following statements as true or false:

a All recombinant proteins are replacements for proteins that were extracted 
from mammalian, including human, tissues in the past.

b The first recombinant protein to be produced for clinical use was insulin.
c The past source of a vaccine for hepatitis B made use of antibodies from 

the plasma of people with a chronic hepatitis B infection.
4 What was the cause of CJD in young adults from the 1970s to the 

mid 1980s?

Making recombinant insulin using 
cloned genes
To make recombinant insulin or any other protein, some important prelimi-
nary steps must be carried out:
1. Get copies of the required DNA to transfer to plasmids — to clone a gene, 

you must first find it or make it.
2. Choose a suitable plasmid to carry this foreign DNA — to clone a gene, it 

needs a vector or carrier.
3. Select the host cell for the recombinant plasmids — to clone a gene, the 

plasmid must transfer it to a host cell that supplies the environment in 
which cloning can take place.

getting the gene of interest
The DNA of the gene of interest can be obtained, either by making it using a 
DNA synthesiser, or by using its mRNA template to make a cDNA copy of the 
gene. In the case of insulin, we can start with the DNA that encodes proinsulin, 
the precursor of insulin.

When the amino acid sequence of a gene of interest is known, the 
DNA sequence that encodes it can be inferred by reference to the genetic code 
polypeptides. For example, proinsulin includes the amino acids gly-ile-val- in 
order, so a DNA sequence that can encode these three amino acids will com-
prise the base sequence: CCT – TAT – CAC –. If the gene is not too large, the 
required sequences can then be made using a DNA synthesiser that has an 
output of double-stranded (duplex) DNA. Otherwise, a cDNA copy must be 
made (refer back to chapter 13, page 626).

Each sequence must also include a recognition site for a restriction enzyme 
at its leading and trailing ends (see figure 14.8). The restriction enzyme selected 
is one that has a recognition site in the plasmids that will be used to transfer 
the gene of interest to the host cells. The restriction enzyme, Bam HI, meets 
this requirement.

Let’s outline the procedure to clone the DNA that encodes proinsulin. This 
is our gene of interest. Figure 14.8 shows a diagram of our gene of interest 
showing the recognition sites for the Bam HI restriction enzyme at each end of 
this DNA sequence. Note that the DNA of the plasmid contains several thou-
sand base pairs, the gene of interest consists of several hundred base pairs, and 
the restriction site is a DNA segment of just six base pairs.

As an alternative to starting with the 
gene for proinsulin, recombinant 
insulin could also be made by 
cloning the DNA sequences that 
encode the A chain and the B chain 
of insulin.
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figurE 14.8 (a) Diagram showing a representation of the DNA sequence of our 
gene of interest. The sequence of this double-stranded DNA includes a Bam HI 
recognition site at its leading and trailing ends. The red symbols denote the cut 
points in these recognition sites. (b) Diagram showing this DNA sequence after 
treatment with the restriction enzyme Bam HI. Note the sticky ends that are 
produced by Bam HI.

Choosing a plasmid to be the vector
Before a gene can be cloned, it must fi rst be transferred to a suitable vector, 
such as a plasmid. We will use plasmid pUC19 as our vector. Th is plasmid has 
a recognition site for the same restriction enzyme, Bam HI, that created the 
‘sticky ends’ on our gene of interest.

Th e role of the plasmid is twofold:
  (i)  Th e plasmid must carry the gene of interest into a living cell and, once 

there, the plasmid must replicate itself and produce multiple copies of or 
clone the inserted gene. Any plasmid that carries the gene of interest is 
termed a recombinant plasmid because it contains DNA from at least two 
diff erent sources.

(ii)  A plasmid must advertise if it is recombinant with the gene of interest 
inserted into its structure. Two markers present in the plasmid will enable 
us to recognise recombinant plasmids as well as host cells that possess 
these recombinant plasmids. Th ese markers are a selectable antibiotic 
resistance marker, AmpR, and a screening marker, lacZ.

Th e DNA of the lacZ screening marker encodes an enzyme that acts on a 
colourless substrate (X-gal) and produces an intracellular blue product:

colourless X-gal substrate

galactosidase
enzyme

blue product

Th e lacZ marker of the pUC18 plasmid contains the recognition site for the 
Bam HI restriction enzyme, so if this gene has been incorporated into this site, 
the enzyme cannot be produced and no blue product can appear.

Figure 14.9 shows the features of our pUC18 plasmid.
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figurE 14.9 (a) Simple diagram of plasmid pUC18 showing its antibiotic resistance markers, AmpR, and its colour 
marker, lacZ, before treatment with Bam HI and (b) after treatment with Bam HI, which cuts open the plasmid, 
forming sticky ends. Note that the treatment with Bam HI interrupts the LacZ DNA sequence. If the gene of interest is 
incorporated here, the enzyme that is responsible for the colour marker cannot be formed.

Because of these markers, recombinant plasmids can easily be identifi ed, as 
well as cells that carry these plasmids (see fi gure 14.10). If the gene of interest is 
incorporated into the plasmid at the Bam HI recognition site, the enzyme that 
makes the blue product is lost because the DNA of this segment is  disrupted. If 
the gene of interest is not present, the enzyme is produced and the blue colour 
can be produced.

lacZAMP
R

pUC18
Where’s
mine?

Look at my
foreign DNA

Recombinant plasmid

figurE 14.10 Cartoon fi gure representing a plasmid (at right) with a gene of 
interest (shown in red) inserted into the lacZ gene (shown in blue). This insertion 
means that the lacZ gene cannot be expressed. Such a plasmid is said to be 
recombinant, in contrast to the LH plasmid that is non-recombinant. Which 
plasmid can multiply to produce a colony of blue cells?

It is also possible to use a lacZ screening marker to identify host cells that 
possess recombinant plasmids. Th ese cells multiply in culture and produce 
white colonies, while all colonies of non-recombinant host cells are blue. Go 
to the upcoming box and read how the lacZ screening marker can show which 
bacterial cells are recombinant and which are not.
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LacZ: An EAsy WAy TO scrEEn fOr rEcOMBinAnT BAcTEriA

Consider the plasmid shown in fi gure 14.9, which 
has a lacZ DNA sequence that includes a recognition 
site for a particular restriction enzyme. Th e lacZ acts 
as a screening marker that can indicate which bac-
terial cells have incorporated recombinant plasmids 
carrying foreign DNA and which bacterial cells are 
non-recombinant.

How does this work?
Th e DNA of the lacZ screening marker encodes 

an enzyme, galactosidase, that converts a particular 
substrate to a blue-coloured product. Th e neat trick 
with the lacZ screening is that if foreign DNA is 
incorporated at the recognition site, the DNA coding 
sequence of lacZ is disrupted so that no functional 
enzyme is formed. No enzyme: no blue colour!

On the other hand, if foreign DNA is not incor-
porated at this site, the lacZ DNA can produce a 
functional enzyme. Enzyme present: blue colour 
formed.

colourless substrate
(X-gal)

galactosidase blue
productenzyme

After recombinant plasmids are mixed with host 
bacterial cells and subjected to a heat shock (or to 
electroporation), some bacterial cells will take the 
recombinant plasmids that carry the foreign DNA. 
Because this foreign DNA disrupts the lacZ DNA 
sequence, no lacZ enzyme is formed. However, other 
bacterial cells will take up non-recombinant plas-
mids. Th ese bacteria can produce the lacZ enzyme 
and it catalyses the conversion of a particular sub-
strate to a blue-coloured product.

Next, a sample of the mixture of bacterial cells 
is grown on agar plates that contain the substrate 
for the lacZ enzyme. Th e bacteria that have taken 
up recombinant plasmids will reproduce, but will 
form white colonies. In contrast, bacteria that lack 
recombinant plasmids will reproduce and form blue 
colonies. Figure 14.11 shows an agar plate with bac-
terial colonies growing on it. Note that some colonies 
are blue and some are white. Which colonies are 
composed of recombinant bacteria — blue or white?

figurE 14.11 Photo of an agar plate with bacterial 
colonies. The agar includes a substrate that forms 
a blue product in the presence of the lacZ enzyme. 
Which colonies contain bacteria with an active 
lacZ enzyme? Why are some colonies white?

Choosing host recipient cells for the plasmids
A harmless strain of the bacterial species Escherichia coli is commonly 
selected for cloning genes and expressing the proteins encoded by these 
genes. Th e cells can replicate rapidly, doubling their numbers about every 
20  minutes. In addition, any recombinant plasmids they possess replicate 
independently and increase at an even faster rate (refer back to chapter 13, 
page 633). Th ese E. coli host cells have special nutritional requirements so 
that they cannot survive outside the laboratory. We will use these weakened 
E. coli as our host cells.

Yeast cells and other eukaryotic cells can also be used as host cells. Yeast 
cells or hamster ovary cells must be used when the fi nal functional protein is 
a glycoprotein, that is, a protein with sugar residues attached to many of its 
amino acids. Bacterial cells cannot carry out this process of sugar attachment 
(glycolation).

So, we now have our copies of the gene of interest — the proinsulin gene, 
our plasmids and our host cells. Let’s see how we can clone our gene of interest 
and let it express the protein that the gene encodes.

Odd fAcT

E. coli host cells produce 
their recombinant proteins as 
intracellular inclusion bodies. 
In contrast, yeast cells and 
other eukaryotic host cells 
produce soluble recombinant 
proteins that they secrete into 
their culture medium.
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Cloning a gene and expressing the protein it encodes
Step 1: Inserting the gene of interest into plasmids. Th e plasmids and the copies 
of the gene of interest, both with their sticky ends from treatment with Bam HI, 
are mixed together. What will happen? Because of the matching sticky ends, 
many plasmids will join with the DNA of the gene of interest to form recombinant 
plasmids (that is, with DNA from diff erent sources). However, some plasmids 
simply re-join with themselves or join with other plasmids, and some DNA frag-
ments will join with other foreign DNA fragments with matching sticky ends. 
When ligase enzyme is added to the mixture, any joins are made permanent.

Figure 14.12 shows some of the next steps that we need to complete in order 
to use cloned recombinant cells as factories to produce insulin.

AmpR
lacZ

Transfer by heat shock or electroporation

non-recombinant plasmid

Agar
plates

Plasmid
mixture

Host cells

recombinant plasmid

Mixture of cells
growing in culture

To bulk culture

Cells plated

Plate B

With ampicillin
With ampicillin

+
X gal substrate

Plate C

AmpR

Foreign
gene

figurE 14.12 Outline of 
some of the steps to produce 
insulin using cloned genes 
carried in recombinant 
plasmids in host E.coli cells. 
More detail is provided in the 
steps outlined.

Step 2: Transferring plasmids into host cells. Th e plasmid mixture is added to 
a culture of host bacterial cells that are ampicillin sensitive. Th e host cells and 
plasmid mixture is then subjected to either heat shock or electroporation to 
increase the chance of uptake of plasmids by the bacterial cells. Th e bacterial 
culture is incubated overnight, during which period the cells divide by binary 
fi ssion and plasmids replicate (refer back to fi gure 13.28 on page 633).

Odd fAcT

The recombinant protein 
erythropoietin (rec hEPO) is 
a glycoprotein. It contains 
40 per cent by weight of 
sugars, and so, is a very 
highly glycolated protein. 
What kind of host cell would 
be needed to produce rec 
hEPO?
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Step 3: Identifying host cells with recombinant plasmids. Bacterial cells are 
spread over culture plates as described below. What will happen?

Plate A: nutrient agar. Any viable bacterial cells will grow on this plate.

Plate B: nutrient agar plus ampicillin. Only cells with the pUC18 plasmid 
will grow on this plate, both cells with recombinant plasmids and cells with 
non-recombinant plasmids. Cells without this plasmid are ampicillin sensitive 
and are killed by this antibiotic.

Plate C: nutrient agar plus ampicillin plus X-gal substrate. Cells that possess 
recombinant plasmids with the proinsulin gene inserted in the lacZ segment 
of the plasmid will grow on this agar, but the colonies that they form are white. 
Cells with non-recombinant plasmids have an intact lacZ segment and produce 
the enzyme that converts the colourless X-gal substrate to a blue product. Th e 
colonies that these cells form are blue.

Step 4a: Small-scale culturing of recombinant cells. Samples of recombinant 
cells from the white colonies on plate C are tested on a small scale for their 
ability to express the proinsulin gene that they carry and to fi ne-tune the con-
ditions under which maximal growth can be achieved (see fi gure 14.13).

Step 4b: Mass culturing of recombinant E. coli cells. Once a cell line has been 
identifi ed in small-scale tests as having a high level of expression of the proin-
sulin gene, it is moved to large-scale mass culturing.

Th e recombinant bacteria are cultured in large stainless steel fermentation 
tanks (see fi gure 14.14) that have a capacity of up to 50  000 litres. Th e culture 
medium, kept at optimal temperature, supplies all the requirements required 
for bacterial cell growth, with the bacteria replicating about every 20 minutes. 
Each of the millions of bacterial cells in the mass culture is like a mini proinsulin-
producing factory as it expresses the cloned proinsulin genes carried in its 
recombinant plasmids.

figurE 14.14 Stainless steel 
fermentation vats in which 
mass culturing of recombinant 
E. coli bacterial cells takes 
place and where those cells 
express the proinsulin gene.

Step 5: Isolation and puri� cation of insulin. Th e proinsulin molecules pro-
duced by the bacterial cell factories are retained within the cells as inclusion 
bodies. Th ese inclusion bodies are freed from the cells by use of enzymes that 
break down bacterial cell walls. Following this, an elaborate procedure of puri-
fi cation occurs. Finally, proinsulin is converted to active insulin by removal of 
the C peptide (C chain ), leaving active insulin comprising the A and B chains 
linked by disulfi de bonds.

figurE 14.13 A small-scale 
bioreactor used for growth 
of recombinant cells and for 
production of recombinant 
proteins. Testing on a small 
scale enables the identifi cation 
of the optimal culture 
conditions and provides a 
check that the recombinant 
cells are expressing the 
cloned gene.
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Purifi cation of recombinant proteins from the host cells in which they are 
prepared is achieved in various ways. Figure 14.15 shows the use of affi  nity 
chromatography in purifying soluble recombinant protein prepared in E. coli 
cells.

figurE 14.15 A scientist purifying a sample of 
recombinant protein using affi nity chromatography.

kEy idEAs

 ■ Recombinant proteins can be made through the expression of cloned 
genes.

 ■ To express a cloned gene, it must be transferred into a host cell using a 
carrier or vector, such as a bacterial plasmid.

 ■ Plasmids carrying cloned foreign genes are said to be recombinant.
 ■ A plasmid used to carry foreign DNA such as a cloned gene will have 
several features, including a drug resistance marker, a screening marker, 
and will have a recognition site for a suitable restriction enzyme.

 ■ Host cells with plasmids can be differentiated from cells lacking plasmids 
by selecting cells for resistance to an antibiotic, such as ampicillin.

 ■ Host cells with recombinant plasmids can be differentiated from cells with 
non-recombinant plasmids using lacZ colour screening.

 ■ Recombinant cells in large-scale culture express the protein product of the 
gene of interest.

unit 4 Transporting DNA 
into cells
Summary 
screen and 
practice questions

AOs 2

Topic 1

concept 5

unit 4 gene cloning
Summary 
screen and 
practice questions

AOs 2

Topic 2

concept 1

unit 4

see more
Gene cloning

AOs 2

Topic 2

concept 1
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Quick chEck

5 In a sentence, briefly explain:
a why the same recognition sites must be present on the ends of the gene 

of interest and at a known site in the selected plasmid
b why the blue colour fails to appear in colonies of cells derived from cells 

possessing recombinant plasmids, where those plasmids have a lacZ 
screening marker that includes the recognition site for the restriction 
enzyme used to cut plasmids.

6 Identify the following statements as true or false:
a One role of a plasmid in gene cloning is to incorporate a gene of interest 

into its structure for transfer to a host cell.
b One role of a recombinant plasmid is to clone the gene of interest after 

the plasmid has been taken up by a host cell.
c Isolated plasmids can replicate.
d Host cells used in gene cloning can only be bacterial cells.
e A gene of interest to be cloned can be produced by chemical synthesis.
f If an ampicillin-sensitive cell takes up a plasmid with an AmpR selectable 

marker, that cell will become ampicillin resistant.
g In a mixture of plasmids and foreign DNA, both with matching sticky 

ends, it would be expected that the plasmids would all join with the 
foreign DNA fragments.

Testing to identify genetic status
Genetic screening most commonly refers to an organised program of testing 
of groups of a population in order to achieve early detection or exclusion of 
inherited disorders. In genetic screening, testing is available to all members 
of a population group even if they have no obvious signs of any disorder. In 
Australia, for example, a genetic screening program exists that tests all newborn 
babies for several inherited disorders (see below).

Another definition is that genetic screening is the testing of a population to 
identify individuals who are at risk of a genetic disease or of transmitting a gene 
for a genetic disease.

Genetic testing refers to the screening of an individual, most commonly 
an ‘at-risk’ person. The purpose of genetic testing is to confirm or rule out 
the presence in a person of a defective allele that is involved in an inherited 
disorder or that increases the person’s susceptibility to a particular disease. 
Genetic testing may be sought by an individual or may be offered to an indi-
vidual for many different reasons (see below).

Let’s look first at genetic screening.

genetic screening
Any population-screening program may have potential damaging outcomes; for 
example, a false positive test result for a newborn baby would likely be the cause of 
significant worry and distress for the parents. For this reason, genetic screening of 
a population or sub-group within a population is only undertaken when the ben-
efits clearly outweigh any potential harm and when certain conditions are met:
1. The screening program must relate to a significant inherited disorder either 

in terms of the number of people affected or the severity of the disorder.
2. A suitable test for the disorder must exist that is reliable, has proven predic-

tive value, has a minimal rate of false positive results, and is cost-effective.
3. An effective intervention or treatment for the disorder must exist to address 

the condition in those people found to have the disorder.
In the newborn screening programs in Australia, a blood sample is taken 

from babies a few days after their birth. This blood sample is sent to state 

unit 4 genetic screening 
Summary 
screen and 
practice questions

AOs 2

Topic 2

concept 2
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laboratories where tests are carried out for several inherited disorders and for 
a congenital condition, as shown in table 14.2. Although there is no cure for 
cystic fibrosis, early diagnosis and treatment can ease symptoms and reduce 
complications. Figure 14.16 on page 657 shows the genetic defect in galacto-
semia that, if left untreated, has drastic effects on an affected baby.

TAblE 14.2 Genetic screening program of newborn babies in Australia tests for inherited disorders and a common 
congenital condition.

Disorder frequency if undetected and untreated intervention

phenylketonuria 1 in 10  000 brain damage from build-up of phenylalanine 
in blood

low phenylalanine diet

galactosemia 1 in 40  000 organ damage from build-up of galactose 
in blood

diet of lactose-free milk; no dairy products

congenital 
hypothyroidism

1 in 3500 impaired growth and brain development daily tablet of thyroid hormone

cystic fibrosis 1 in 2500 impaired function of lungs and digestion drugs to prevent lung infections, open 
airways and thin the mucus

genetic testing
There are many reasons an individual person might seek or be offered genetic 
testing in order to identify whether they possess a variant (allele) of a par-
ticular gene that causes a genetic disorder, or significantly increases their 
susceptibility to a disease, or would allow them to benefit from a particular 
drug. Some reasons for seeking or being offered genetic testing are identified 
in figure 14.17 on page 658.

Types of genetic testing include the following:
•	 adult screening for increased risk of a disease
•	 carrier detection
•	 prenatal screening and diagnosis
•	 predictive screening or presymptomatic testing
•	 embryo biopsy or pre-implantation genetic screening.

Adult screening for increased risk of disease
Ellen, a young woman in good health makes an informed decision to have a 
double mastectomy or breast removal. Why? Her family medical history shows 
that her maternal grandmother, her mother and two of her mother’s sisters died 
of breast cancer and a first cousin on her mother’s side died of ovarian cancer.

Only a few cancers have an inherited genetic component and one of these is 
breast cancer. About 5 to 10 per cent of women who are diagnosed with breast 
cancer have a hereditary form of that disease. About 80 per cent of women 
with a heritable form of breast cancer have a mutation in one of two genes, 
either BRCA1 or BRCA2, that makes them far more susceptible to developing 
breast and ovarian cancers.

The BRCA1 (BReast CAncer 1) gene is located on the number-17 chromo-
some while the BRCA2 (BReast CAncer 2) gene is located on the number-13 
chromosome (see figure 14.18 on page 658). A person with a mutation of either 
gene is said to be BRCA positive. Females who are BRCA1 positive or BRCA2 
positive have a much higher than average probability of developing breast 
cancer in their lifetimes (40 to 85% versus 12% for the general female popula-
tion). BRCA positive women also have a high risk of developing ovarian cancer 
(6% to 44%, versus just under 2% for the general female population). Men 
who are BRCA positive have a higher than average risk of developing prostate 
cancer and, if they are BRCA2 positive, they are at higher than average risk of 
developing breast cancer.

For more detail of the procedure 
for screening of newborn babies, 
refer to Nature of Biology Book 1 
Fifth edition, page 590.
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MILK

Lactose:
A sugar found in milk

Glucose

In the body, lactose
is cleaved to form
glucose and galactose

Used for
energy

GALT
binds to

galactose ...

No GALT. Galactose
1-phosphate
concentration rises to
toxic levels, causing

- kidney failure
- enlarged liver
- cataracts
- brain damage... and converts it to

glucose, which is then
used for energy

Normal Galactosemia

Galactose

GALT

figurE 14.16 Normal metabolism of the galactose sub-unit of lactose 
(at LH side) compared with the inherited disorder galactosemia, which is due to 
the absence of the enzyme GALT, encoded by a gene on chromosome 9. 
(GALT = Galactose-1-phosphate uridylyltransferase.)
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GENETIC TESTING
NHGRI FACT SHEETS
genome.gov

Genetic Tests Can Help to:

figurE 14.17 Some of the many reasons an individual may seek or may be offered genetic testing. 
(Image courtesy of the National Human Genome Research Institute.)

Chromosome 13 Chromosome 17

BRCA2

p

q BRCA1

p

q

figurE 14.18 Human chromosomes 
showing the bRCA2 and bRCA1 
gene loci.
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Genetic testing can be done for women who, based on their family medical 
history, may be at a signi� cantly increased risk of breast cancer. In Ellen’s case, 
her family background put her in the high-risk category. At the time, Ellen 
did not have breast cancer but the genetic screening test on a sample of her 
blood showed that she had inherited the mutant form of the BRCA1 gene from 
her mother, which put her at a high risk of developing the breast and ovarian 
cancers that killed so many members of her family.

Publicity about and general awareness of the risks associated with BRCA 
positive gene variants reached a high level in May 2013. � is was the result 
of the announcement by Angelina Jolie, high-pro� le � lm actress, � lm director 
and UN envoy for refugees, stating that she had both her breasts surgically 
removed (see � gure 14.19). Jolie decided on this course of action after discov-
ering she was BRCA1 positive, and, in light of the fact that her family history 
includes many female members who died of cancer, including her mother, 
who died of ovarian cancer aged just 56 in 2007, her grandmother, aged 45, 
and her great-grandmother, aged 53, her great aunt and a female cousin. In 
March 2015, Jolie announced that she had had her ovaries and fallopian tubes 
removed.

FIGURE 14.19 Angelina Jolie 
on set during the � lming of 
her � rst � lm as director. Jolie 
said that she wrote about her 
double mastectomy ‘because 
[she] hope[s] that other 
women can bene� t from [her] 
experience’. 

� e view of some is that, because screening for breast cancer is available 
and reliable, a pre-emptive double mastectomy before cancer is detected is 
not necessarily an essential preventive measure. � is view would argue that a 
woman could retain her breasts and undergo more frequent cancer screenings 
in an e� ort to catch cancer early, should it ever develop, and make use of the 
breast cancer prevention drugs tamoxifen and raloxifene. If any sign of cancer 
appeared, a lumpectomy could be performed in which the tumour and a small 
amount of surrounding tissue are removed. However, for a BRCA positive 
woman at high risk of breast cancer because of her family history, the decision 
to have both breasts removed is a personal one that she has the right to make 
after receiving expert advice and evaluating all the options.

� ere appears to be no argument that the pre-emptive surgical removal of 
ovaries from a BRCA positive woman after she’s � nished having children is 
a desirable preventive measure. Why? � ere is no reliable screening test for 
ovarian cancer and often, by the time the cancer recognised, it is well advanced 
and the prognosis is poor.

ODD FACT

One study reported that 
Jolie’s public statements 
led to a general increase 
in awareness by women of 
issues and options relating 
to breast cancer and ovarian 
cancer. In the UK, it led to 
a doubling of referrals for 
genetic tests of breast cancer 
over an extended period.
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Carrier testing
Carrier testing is used to identify people who ‘carry’ a mutant allele of a gene 
that is linked to an inherited disorder, and to inform them of the probability of 
transmission of their gene defect to their children. While carriers of recessive 
alleles will not show clinical signs of the disorder, they can pass the faulty allele 
to their children. Carrier testing is usually offered to or sought by people who 
have a family history of a particular inherited disease and who are interested in 
the risk to their children.

Tom has the inherited X-linked disorder, haemophilia. Haemophilia is a con-
dition in which factor 8, one of the factors required for normal blood clotting, 
is missing. Because it is an X-linked disorder, haemophilia is more common 
in males than in females. People with uncontrolled haemophilia have pro-
longed periods of bleeding after an injury, spontaneous bruising and internal 
bleeding.

Tom’s sister, Jane, wishes to know her status for the F8C gene that encodes 
production of factor 8. She is aware that she may be a heterozygous carrier 
of  the defective allele, with genotype XHXh, or she may be homozygous 
unaffected, with genotype XHXH. Heterozygous carriers of the defective allele 
have reduced levels of factor 8 but show no clinical signs of haemophilia. Jane 
is not concerned for herself but for the future children she may have, particu-
larly sons.

Jane was tested and the result showed that she was a heterozygous carrier, 
genotype XHXh. This test result gave Jane the knowledge that she had a 1 in 
2  chance of passing the defective allele to a son who would be affected by 
 haemophilia. She and her partner chose to undertake prenatal testing during 
their first pregnancy as they did not want to have a boy who would experience 
the pain and difficulties that she saw her brother, Tom, experience. Happily, 
their first pregnancy was of a male fetus that had not inherited her X chromo-
some that carries the Xh allele.

Carrier testing is also carried out on individuals who belong to an ethnic 
group who have a higher than average risk of such a disease, such as beta thal-
assaemia in people from southern Mediterranean countries. Beta thalassaemia 
is an autosomal recessive disorder, and Cyprus has one of the highest carrier 
rates in the world, estimated at 1 in 7. Greek–Cypriot couples who wish to 
marry in the Cypriot Orthodox Church must undergo premarital screening 
to identify whether or not they are carriers. Regardless of their test results, two 
people identified as carriers are still free to marry. In most countries, carrier 
testing for beta thalassaemia is voluntary, but premarital testing is mandated 
in several countries, including Iran, Saudi Arabia and Cyprus.

Prenatal screening and diagnosis
Optional prenatal screening may be offered to a woman during the first or 
second trimester of her pregnancy. Such prenatal tests include blood tests, 
ultrasound screening (see figure 14.20), and cell-free DNA screening, which 
is a technique in which fetal DNA present in the mother’s bloodstream is 
screened for chromosomal abnormalities such as Down syndrome.

Prenatal testing can indicate the genetic status of an embryo or a fetus 
where a specific genetic disorder is suspected to be present, or in some 
cases it may signal possible birth defects. It should be noted that prenatal 
screening tests of the types identified above are indicative but not diagnostic. 
If an abnormality is indicated, an invasive diagnostic test can be carried out, 
such as chorionic villus sampling, which takes a sample of placental villi, 
or amniocentesis, which takes a sample of amniotic fluid from the uterus. 
These invasive tests have a slight risk of a miscarriage: for amniocentesis, the 
probability is 0.01 to 0.5 per cent, and for chorionic villus sampling, the prob-
ability is 1.0 per cent.

eLesson
Autosomal recessive disorders
eles-2462
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figurE 14.20 Ultrasound 
examination of the fetus is 
used to screen for physical 
abnormalities.

Normal results from prenatal testing will be a source of relief and happiness 
for the parents-to-be. However, results that indicate the presence of a genetic 
disorder that cannot be treated, or a chromosomal abnormality that causes 
serious mental and physical disabilities, make parents-to-be face the diffi  cult 
decision about whether or not to continue with the pregnancy. Some par-
ents-to-be will choose not to have prenatal testing because they would wish to 
continue with their pregnancy regardless of any test results.

If an abnormality is detected, the result can provide parents-to-be with the 
information that they need to plan for the after-birth care of their aff ected baby. 
In yet other cases, prenatal testing can alert parents and medical personnel to 
the presence of a condition that can be treated and that requires treatment of 
the baby to start immediately after birth.

Predictive or presymptomatic testing
Predictive testing is a form of genetic testing. It is also known as 
presymptomatic testing. Th is type of testing is used to detect gene mutations 
associated with disorders that appear after birth, often later in life. (Defi nition 
from Human Genetics of Australasia.)

Predictive testing is often requested by individuals ‘at risk’ of inheriting, from 
an aff ected parent, the defective H allele that encodes Huntington’s disease 
(HD). (You fi rst met HD in chapter 9 (see page 405) as an example of a founder 
eff ect that has produced a high incidence of HD in Tasmania, with the next 
highest in Victoria.)

Let’s look at how predictive or presymptomatic testing is done in the case of HD.
Huntington’s disease (HD) is a dominant inherited disease that usually fi rst 

appears in an aff ected person in the age range of 30 to 50 years. Th e HD gene 
is located on the number-4 chromosome, and a single copy of the H allele is 
suffi  cient for the HD phenotype to appear. Th is progressive disorder aff ects the 
brain. People with Huntington’s disease show emotional disturbances, person-
ality changes and loss of control of motor function. At present, there is no cure 
for this devastating disease.

Children of a parent with Huntington’s disease have a 50 : 50 chance of 
inheriting the defective H allele from that parent and are said to be ‘at risk’. 
Typically, those children who inherit the H allele show the fi rst signs of this 
disorder only in mid adulthood. By then, they have often started their own 
families and may also have transmitted the defective H allele to some of their 
own children. Th rough DNA technology, the genetic status of people at risk 
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of Huntington’s disease can be identifi ed before they show the disease symp-
toms. Th is type of predictive testing can be carried out, not only on an at-risk 
adult, but also on the fetus of an at-risk person, and can even be performed on 
a single cell taken from an early human embryo (see embryo biopsy below).

Th e H allele that causes Huntington’s disease can be distinguished from the 
normal allele (h) by the presence in the coding region of the gene, typically, 
of 40 or more copies of a trinucleotide repeat, CAG. In people who are not at 
risk of HD, the number of repeats of this trinucleotide is in the range of 6 to 35. 
Th e HD gene contains the instructions for the protein huntingtin. Th e pres-
ence of the extra trinucleotide repeats in the H allele means that this protein 
has additional gln amino acids in its structure, and this abnormal huntingtin 
protein produces neurological symptoms, typically in middle age.

Th e predictive test involves using polymerase chain reaction (PCR) to amplify 
the region of the HD gene that includes the repeats. Th is region of amplifi ed 
DNA from each subject is separated by electrophoresis (see fi gure 14.21), 
which reveals the number of CAG repeats. Th e box at the end of this section 
outlines the current protocol for predictive testing of people at risk of inher-
iting the H allele, with special reference to the pre- and post-test consultations 
and counselling.

I

II

II-1 II-2 II-3I-1 I-2

1 2 3

1 2

Control
markers

18 repeats
h allele

48 repeats
H allele

figurE 14.21 A family showing segregation for the two 
alleles of the HD gene. Some members are homozygous 
for the normal h allele, and show 16 to 20 CAG repeats 
(shown in blue). The H allele in this family has 52 CAG 
repeats (shown in orange) and members with this allele 
include the mother (I-1), who already shows severe 
symptoms of HD, and two children (II-1 and II-3), who at 
the time of the test showed no symptoms.

Questions that may be asked include:
With whom, if anyone, should a symptomless person whose test results show 
that she or he possesses the H allele share the test result: a fi ancé, an employer, 
an insurance agent, a living parent who does not show the HD symptoms?

What psychological support is available to symptomless individuals who test 
positive for the H allele?

Should the age limit for presymptomatic testing be lowered or left as it is?

Embryo biopsy or pre-implantation genetic diagnosis
Embryo biopsy or pre-implantation genetic diagnosis (PGD) is a test that 
involves the removal of a single cell from an embryo conceived by in-vitro 
fertilisation (IVF) and the testing of that cell to determine whether or not the 
embryo will be aff ected by a specifi c inherited disease.

Pre-implantation genetic diagnosis (PGD) involves identifying, in the geno-
types of embryos created through IVF, the presence of one or two allele(s) that 
cause particular inherited diseases. Th e purpose behind this procedure is to 
allow the couple involved to have a child that is free of the disease and, there-
fore, cannot transmit the allele responsible to the next generation. Figure 14.22 
shows a simplifi ed outline of the PGD procedure.

One inherited disease for which PGD has been used is Huntington’s disease 
(HD). Where one partner in a couple is known to have inherited the H allele 
responsible for HD, the use of pre-implantation genetic diagnosis after IVF 
allows the couple to have a child who is free of the possibility of inheriting the 
H allele that causes HD.
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If problem found,
embryo discarded

Cell tested for one mutation only

Cell taken from early
stage IVF embryo

If no problem found,
embryo implanted

figurE 14.22 Highly simplifi ed 
diagram showing pre-implantation 
genetic diagnosis.

Other inherited conditions where PGD has been used include autosomal 
recessive conditions such as beta thalassaemia and cystic fi brosis, and 
X-linked condition such as fragile-X, Duchenne muscular dystrophy and 
haemophilia A.

Some people are opposed to PGD; their comments include:
‘I am horrifi ed to think of these people sitting in judgment on these embryos 
and saying who should live and who should die.’

‘Who is going to make the decision about who should and should not live? 
We believe all babies have an equal right to life.’
‘My only concern is that we are constantly messing around with nature.’
Others strongly support PGD:
‘Any technique which has the potential to reduce the risk of serious, debili-
tating and potentially life-threatening disease has to be greeted with some 
enthusiasm.’

genetic testing: pros and cons
Genetic testing provides results that can be used for many diff erent positive 
purposes, as for example:
•	 People who know from carrier testing that they are at risk of a particular 

cancer can ensure that their health status is regularly monitored, and they 
can make any relevant lifestyle changes.

•	 People who know from carrier testing that they can pass a defective allele 
to their children can plan their pregnancy and use prenatal testing or pre- 
implantation diagnosis to ensure that they have a baby free of the specifi c 
disease.

•	 Results of prenatal testing and diagnosis mean that parents have adequate 
time to make decisions about the future of the pregnancy.

•	 Presymptomatic testing may remove the anxiety and stress of not knowing 
whether or not a late-onset inherited disease will develop.
In contrast, genetic testing may be the source of negative outcomes, as for 

example:
•	 Presymptomatic testing may be a source of anxiety and stress, such as in the case 

of a person testing positive for a defective allele that is the cause of an inherited 
late-onset disease, such as HD, for which no treatment is presently possible.

•	 Th e result of antenatal testing and diagnosis may place an emotional burden 
on prospective parents faced with making a decision about the fate of a 
pregnancy.

Odd fAcT

The emerging fi eld of 
pharmacogenetics is the 
study of inherited genetic 
differences in drug metabolic 
pathways that can affect 
a person’s responses to 
particular drugs, both their 
benefi cial effects as well 
as their adverse effects. 
Pharmacogenomic testing 
identifi es why drugs work 
in some patients but not in 
others because of differences 
in their genetic make-up.
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•	 Misuse of test results, such as their disclosure to third parties, may discrimi-
nate against the person tested.

•	 Disclosure of information about family members who have not consented 
to testing would be an invasion of privacy; misuse of the information based 
on the test results after disclosure to third parties, such as insurers and 
employers, would be a form of discrimination.

•	 Test results may be inconclusive or difficult to interpret, creating uncertainty 
for the individual tested.

PrOTOcOL fOr PrEdicTivE TEsTing fOr hd

Predictive testing for those at risk of developing HD 
is available in every state in Australia. The Northern 
Territory and Tasmania derive support from inter-
state services. A team consisting of test program 
coordinator/genetic counsellor, neuropsychiatrist 
or neurologist, and a geneticist provide specialised 
consultation, education and counselling support for 
those undergoing testing.

The person requesting testing (known as the ‘con-
sultand’) must:
•	 be at risk of HD, with the diagnosis of HD having 

been confirmed in a parent (or grandparent) or 
sibling

•	 be 18 years of age or older. In rare circumstances, 
a younger teenager who demonstrates capacity to 
give informed consent may enter discussions with 
a view to testing

•	 be free from severe depression or psychotic 
disorder

•	 agree to participate in counselling sessions, 
including result giving (disclosure) and post-test 
follow-up

•	 preferably be accompanied by a partner or sup-
portive friend, not another ‘at-risk’ person.
‘Predictive testing’ means testing for the pres-

ence or absence of an abnormal gene in someone 
who is presently showing no signs of the disease in 
question. Normally, there are anywhere from about 
6 to 35 CAG repeats in a section of the DNA of the 
huntingtin gene. In HD, there are typically 40–50 
repeats, occasionally more. The increased number 
of glutamines may in some way affect cell function, 
in particular populations of neurons within the brain 
so that, over time, through a process that is not com-
pletely understood, cell death occurs very gradually 
in several centres of the brain.

In the laboratory, the CAG repeat sequence of the 
gene is examined and, according to its length, will 
fall into one of three areas: the normal range, the 
‘grey zone’ or the affected range. With a result in the 
normal range, the consultand can be reassured that 
he/she will never develop HD symptoms and his/her 

offspring face no risk of HD. A result in the affected 
range means that HD will develop in that person’s 
lifetime. That person also carries a 50 per cent risk of 
passing the affected gene on to any child.

Grey zone results are complicated to interpret. The 
consultand with a grey zone result carries the risk 
of passing on an abnormal gene to their child, pos-
sibly with the CAG expansion having increased up 
to the size of the typical affected HD range. That is 
to say, the gene can expand as it is transmitted from 
the parent to the child — a phenomenon known as 
anticipation. This is particularly evident when the 
abnormal allele is passed on from a father to his 
children. Some consultands with a result in the grey 
zone have never developed symptoms of HD, and 
some have developed milder symptoms at a later age 
than is usual. In practice, grey zone results are not 
commonly encountered.

The current Predictive Testing Program in  
Victoria — other states differ a little — takes around 
six to eight weeks. The consultand is required to 
attend a number of sessions that usually include:
•	 gathering the consultand’s family history or 

pedigree
•	 discussions about:

 – motivation and timing of testing (ensuring no 
other major stressors exist for the client at that 
time)

 – personal experience of HD
 – the genetic nature of HD
 – confidentiality and legal implications of testing.

•	 consultation with neuropsychiatrist/neurologist; 
this provides an opportunity for the consultand to 
gain further understanding of the clinical impli-
cations of HD, treatment options and research. 
The consultand may choose to undergo a physical 
examination to confirm absence of symptoms; the 
counsellor attends this session

•	 blood collection
•	 discussion about the impact of testing — how 

either a positive or negative result will impact on 
their life and that of those around them

(continued)

UNCORRECTED P
AGE P

ROOFS



665CHAPTER 14 DNA applications in society

c14DNApplicationInSociety 665 25 October 2016 10:41 AM

•	 reproductive options if relevant
•	 disclosure of the result
•	 post-test follow-up — initially with the coun-

sellor and, in Victoria, longer term by staff of the 
Huntington Disease Association.
The consultand is free to initiate contact with the 

counsellor at any time following the program or to 
withdraw at any time during it.

In summary, the Predictive Testing Program pro-
vides information about HD and the gene test. 
Counselling provides opportunities to explore in a 
supportive climate the implications of testing for 
the consultand’s relationships, especially within 
the family context, at the time of the test process, 
and projecting into the future. Consideration is also 
given to legal, employment and other long-term 
ramifications of the gene test.

Reproductive choices
Many couples who have the HD genetic mutation 
have children without any genetic testing of the fetus. 
However, there are some choices for couples who do 
not want to transmit the risk of the illness to their 
children. Options are best explored before a preg-
nancy occurs, and supportive counselling and care 
are provided, whichever course a couple chooses.

Prenatal testing involves chorionic villus sampling 
(CVS) at 11 weeks gestation. This test is performed 

under ultrasound guidance, and tissue from the 
developing placenta is sampled. Chorionic villi 
develop from the conceptus and are fetal in origin, so 
these cells represent the fetal genotype. A direct DNA 
test is performed on these cells. If the result shows 
that the fetus has inherited the HD mutation, the 
parents may request termination of the pregnancy.

Pre-implantation genetic diagnosis (PGD) uses 
in-vitro fertilisation (IVF) techniques combined 
with genetic analysis of the embryo. IVF can now be 
accessed by a couple where one is known to have (or 
be at risk of having) the HD mutation. The embryo 
is created in the laboratory with the ova and sperm 
from the couple. Approximately 48 hours after con-
ception, a single cell is drawn from the developing 
embryo and genetic analysis is performed. Only an 
embryo without the mutation is transferred to the 
woman for implantation and development into a 
baby. PGD is a complex process with many technical 
and medical considerations.

Other options for couples may include use of 
donor sperm and donor embryo. In Victoria, these 
services can be accessed directly through the Royal 
Women’s Hospital or Monash Medical Centre, or by 
inquiring through Genetic Health Services Victoria. 
Similar services are available in other states. Couples 
with a family history of HD are not eligible to adopt.

kEy idEAs

 ■ Genetic screening of populations or groups within a population is aimed at 
identifying individuals who have specific genetic or congenital disorders 
for which treatment exists.

 ■ Genetic testing involves testing for the presence of a faulty allele that is 
the cause of an inherited human disorder.

 ■ Genetic testing is carried out for various purposes and can use embryonic, 
fetal or adult cells as a source of DNA.

 ■ Use of genetic testing raises ethical issues.

Quick chEck

7 Which of the following statements best describes genetic screening?
a Genetic screening cures genetic disorders.
b Genetic screening detects genetic disorders.
c Genetic screening detects the presence of alleles that produce genetic 

disorders.
8 How does an embryo biopsy differ from prenatal screening?
9 Identify the following statements as true or false:

a Population screening is for genetic disorders that are incurable.
b Population screening requires a testing procedure that is reliable, has 

proven predictive value and has a minimal rate of false positive results.
c Presymptomatic testing involves identifying the carrier status of an individual.
d A woman who is BRCA1 positive will develop breast and ovarian cancer.

UNCORRECTED P
AGE P

ROOFS



NATURE of biology 2666

c14DNApplicationInSociety 666 25 October 2016 10:41 AM

Use of DNA in identifi cation
Each of us is genetically unique, with the exception of identical (monozy-
gotic) siblings. While phenotypic diff erences are apparent among us, the most 
fundamental expression of our uniqueness is in our genetic material, DNA. 
Headlines (see fi gure 14.23) remind us of this uniqueness.

Today, individuals can be identifi ed through a technique known as 
DNA profi ling. Th e amount of DNA needed for DNA profi ling is very small 
because DNA can be amplifi ed through the polymerase chain reaction (PCR) 
(refer back to Amplifying traces of DNA on page 627 in chapter 13). One 
 person’s DNA profi le is constant, regardless of the type of cell used to prepare 
the profi le. A DNA profi le prepared from a person’s white blood cells is iden-
tical to that prepared from the same person’s skin cells or other somatic cells.

DNA frees death-row

inmates, brings others

to justice 
(April 2005)

DNA testing identi� es long 
term missing child
(November 2003)

Latin America

turns to DNA 

tests to solve 

war crimes 

(December 2005)

Woman ordered to repay child 
support to man: 
child not his
(October 2011)

DNA evidence closes case 40 years after murder
(October 2014)

figurE 14.23 Headlines 
signalling the power of DNA in 
identifi cation.

DNA identifi cation helps solve crimes
Because DNA molecules are only slowly degraded, DNA profi ling can be 
carried out on biological samples from crime scenes from years ago, and this 
profi ling has led to the solution of many ‘cold cases’ worldwide. For example, 
in 1980 in Tasmania, the body of a 22-year-old female bank clerk was recovered 
from the Derwent River. On several occasions, police interviewed a cab driver, 
Gerald Hyland, because bloodstains were found in his cab and these were 
identifi ed as having come from two diff erent people. While one blood sample 
corresponded to the blood type of the bank clerk, the tests available at that 
time could not match this blood exclusively to her. Hyland refused to give a 
blood sample and, because he was just a suspect, he could not be compelled 
by law to do so. Another stain found on the back seat of the cab was identifi ed 
as semen, but, at that time, there was no way of matching this semen to one 
particular person. Because of the lack of conclusive evidence, Hyland could 
not be charged.

Th irteen years later, in 1993, the preserved blood samples from the cab were 
retested using new DNA technology and one sample was shown to have come 
from the murdered bank clerk. Based on this evidence, Gerald Hyland was 
arrested and a blood sample from Hyland was then able to be taken. Th rough 
examination of Hyland’s blood sample using DNA technology, the semen 
and the second blood sample from the cab were matched exclusively to him. 
Hyland pleaded guilty to the rape and manslaughter of the bank clerk.
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In 1973, two teenage girls were murdered near Swansea, Wales. A suspect in 
this case was Joe Kappen, a nightclub doorman, who died in 1990. Later, when 
the technology became available, the killer’s DNA profi le was established 
using DNA samples kept from the crime scene. Relatives of Kappen provided 
samples from which scientists were able to infer Kappen’s DNA profi le and it 
was found to match the killer’s profi le. Th is gave police grounds for gaining 
permission to exhume Kappen’s body for DNA profi ling. In June 2002, police 
announced that Kappen’s DNA profi le matched that from the murder scene 
and this case was closed 29 years after the murders.

In December 2005 in the Northern Territory, Bradley J. Murdoch was found 
guilty of the murder in July 2001 of British tourist Peter Falconio. Critical evi-
dence presented at Murdoch’s trial included DNA analysis of a bloodstain 
found on the sleeve of a T-shirt worn at the time by Joanne Lees, Mr Falconio’s 
travelling companion (see fi gure 14.24). Th e DNA profi le of this blood matched 
that of Murdoch. Blood samples from a pool of blood found on the Stuart 
Highway and from nearby rocks were found to match Peter Falconio’s DNA 
profi le. His body has not been found.

figurE 14.24 Senior 
biologist Kamen Eckhoff (at 
left) holds up the T-shirt that 
Joanne Lees was wearing 
when she was abducted; 
at right, Assistant Police 
Commissioner John Daulby. 
In the background are images 
associated with the case, 
including a photofi t image of 
the suspect, a mock-up of the 
utility that the suspect was 
driving and the plastic ties 
used by Murdoch to bind the 
wrists of Joanne Lees. (Image 
courtesy of Newspix.)

DNA evidence makes it more likely that a person guilty of a crime will 
confess and plead guilty. In the town of Wee Waa in outback New South Wales 
in January 1999, an elderly woman was bashed and sexually assaulted. A police 
investigation continued for more than a year, but no arrest was made. Fifteen 
months after the attack, police asked local men aged between 18 and 45 to vol-
unteer to give a saliva swab for DNA testing. Samples were taken from about 
500 men. However, before the DNA samples were processed, a local man went 
to the police and confessed to this crime.

DNA evidence can clear innocent people. Kirk Bloodwood, convicted of 
murder in 1984 in the United States, was the fi rst person to be released from 
death row on the basis of post-conviction DNA testing, in 1993.

The lost soldiers of the battle of fromelles
Identifi cation using DNA is not always used in criminal investigations. In some 
cases, DNA is used for identifi cation where the purpose is to give closure to 
families and the knowledge that a missing chapter of their family history has 
been made known. In these cases, mitochondrial DNA (mtDNA) is often used.

Odd fAcT

The oldest ‘cold case’ solved 
using DNA profi ling was 
a murder in 1968. Semen 
traces from the crime scene 
were kept on fi le and, in 
2003, were used to produce 
a DNA profi le. This led to the 
arrest of a suspect, William 
Speer. In November 2005, he 
was found guilty of murder.

Odd fAcT

Several years after the 
release from prison of Kirk 
Bloodwood on DNA evidence, 
the DNA profi le from this 
murder was matched to 
another person, who pleaded 
guilty in May 2004.
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DNA samples recovered from the remains of 250 Allied soldiers found near 
Fromelles in France in 2008 became part of the evidence that enabled their 
identifi cation. Many of these remains were those of Australian soldiers who 
were killed in the Battle of Fromelles in August 1916 and buried by German 
troops in unmarked mass graves behind German front lines. It was the detec-
tive work of an amateur WWI historian, Lambis Englezos, a Greek-born 
Melbourne art teacher who gathered the evidence, that led to the discovery of 
the mass graves.

In May 2008, six mass graves were partially excavated and conclusive evi-
dence of human remains was found. Artefacts, such as badges and uniform 
buttons, indicated that the remains were those of Australian and British sol-
diers. In May 2009, excavation of the mass graves began and, within a few 
months, the remains of 250 soldiers had been recovered. In January 2010, 
reburials of the remains began at the new Fromelles Military Cemetery (refer 
back to fi gure 14.1). Th e remains of 219 Australian soldiers, 75 yet to be iden-
tifi ed, have been reburied with full military honours (see fi gure 14.25). Th e 
remains of each soldier now lie in an individual grave with a headstone that, 
in most cases, bears the name of the soldier. Th e process of identifi cation con-
tinues with six more Australian soldiers identifi ed in 2016.

figurE 14.25 A solemn military procession transporting the remains of a 
casualty of the disastrous Battle of Fromelles (1916), for re-interment to a fi nal 
resting place at the new Fromelles Military Cemetery.

Examination of ancient DNA has also been used to answer questions in 
many areas, including British history, diseases of ancient Egyptians, and 
human ancestry. Ancient DNA is DNA isolated from long-dead objects, such 
as mummies, museum specimens and long-buried bones. For example, the 
mtDNA extracted in 2013 from a skeleton buried under a carpark in Leicester, 
England, assisted in confi rming that the skeleton was that of Richard III, King 
of England, who died in 1485 (see fi gure 14.26). Even older samples of DNA 
have been obtained from fossils of Neanderthal humans who lived tens of 
thousands years ago (refer back to fi gure 12.63 on page 589).
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figurE 14.26 Model of the bones of Richard III in front of an MRI machine. 
Magnetic resonance imaging was one of the techniques used to examine the 
original bones. (Image courtesy of Judith Kinnear.)

In summary, identifi cation using DNA is a powerful tool that can be applied 
in many situations, including:
•	 forensic investigations

 – Can the DNA found at a crime scene be matched to a person on the 
national DNA database?

 – Is this blood spot from the victim or from the possible assailant?
 – In a rape case, is this semen from a previously convicted rapist?

•	 mass disasters, such as passenger aircraft crashes, the 9/11 terrorist attacks, 
the Bali bombings

 – Can the various remains that have been recovered be matched to a par-
ticular person known to have been at the site of the disaster?

•	 identifi cation of human remains
 – Are these remains those of a particular missing person?
 – Who was the unknown child, tagged as body number 4, recovered after 

the sinking of the RMS Titanic in 1912?

Which DNA is used for identifi cation?
Depending on the purpose and circumstances of the identifi cation, the DNA 
used comes from either the chromosomes (nuclear DNA) or from mitochon-
dria (mtDNA). Some important diff erences between nuclear DNA and mtDNA 
include:
1.  mtDNA is exclusively inherited via the maternal line — that is, it is solely 

matrilineal; nuclear DNA is inherited from both parents.
2.  mtDNA does not undergo recombination and any changes in mtDNA 

must arise by mutation; nuclear DNA undergoes recombination, meaning 
that it is shuffl  ed around in each generation by crossing over during 
meiosis.

3.  mtDNA in each somatic cell is present in high numbers of copies; nuclear 
DNA is present as two copies only. For this reason, mtDNA is the DNA that 
can be recovered from ancient specimens, such as bones and teeth.
In both nuclear DNA and mtDNA, however, their use in identifi cation 

depends on the existence of segments of DNA that vary greatly between indi-
viduals. Such regions of DNA are termed hypervariable.
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Hypervariable regions of DNA that are currently used for identifi cation are:
•	 short tandem repeats (STRs) in the nuclear DNA, also known as microsatel-

lites. A large number of STRs are present on diff erent human chromosomes. 
On its own, DNA from STRs can identify one person uniquely (apart from 
identical siblings). DNA samples from relatives are not required. So, when 
there is a need to match a DNA sample from a crime scene to just one par-
ticular person, STRs are used.

•	 hypervariable regions (HVRs) in the noncoding region of mtDNA. It should 
be noted that mtDNA identifi cation is less precise because individuals from 
the same maternal line have identical mtDNA profi les. mtDNA is used, for 
example, when nuclear DNA cannot be recovered or when nuclear DNA is 
degraded because of age.
Identifi cation using mtDNA is mainly applied either (1) to identify victims of 

mass disasters where the names of the victims are known but where identifi -
cation of the remains by conventional means, such as visual inspection or dental 
records, cannot be done or (2) to identify decomposed remains when the identity 
is thought to be one of a few specifi c missing individuals. In 2009, mtDNA was 
important in identifying the Australian soldiers killed at Fromelles in 1916. In 
cases of identi� cation using mtDNA, there must be living relatives on the mat-
ernal line to provide mtDNA for comparison with the mtDNA from the remains.

first there was DNA fi ngerprinting
Th e original technique of identifi cation using DNA was called 
DNA fi ngerprinting. DNA fi ngerprinting was developed as an identifi cation 
tool in 1985 by Professor Sir Alec Jeff reys (see fi gure 14.27). Th is technique 
used hypervariable regions of DNA, known as minisatellites, that are located 
near the ends of chromosomes. Minisatellites are chromosomal regions where 
sequences of 9 to 80 base pairs are repeated tens or hundreds of times.

figurE 14.27 Professor Sir Alec Jeffreys developed the original technique 
of DNA fi ngerprinting, based on hypervariable regions of DNA known as 
minisatellites. Sir Alec is seen here examining an X-ray fi lm that shows the 
DNA fi ngerprints of various individuals. Because of variations in the numbers 
of repeats in different minisatellites, each individual has a unique pattern that 
appears as a series of bands in a vertical column. This pattern is the so-called 
DNA fi ngerprint.

Odd fAcT

In 2001, mtDNA was 
recovered from teeth and 
bone taken from the grave 
of an unknown child (body 
number 4) who died when 
RMS Titanic sank in 1912. 
Comparisons with females 
from various families who 
were possible relatives 
revealed that the unknown 
child was 13-month-old Eino 
Panula from Finland, who 
died along with his mother 
and four brothers.

Odd fAcT

Even seemingly unrelated 
people can have the same 
mtDNA profi les because 
they shared the same female 
ancestor several generations 
ago.
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The DNA fingerprinting technique was first used in a criminal investigation 
in England in 1986. The case involved the rape and murder in November 1983 
of a 15-year-old schoolgirl in the village of Narborough, England. Almost 
three years later, a rape and murder of a second teenage girl occurred in a 
nearby village. At that time, semen stains from both victims could reveal only 
that the murderer had blood group A and had one of 10 variants of a particular 
enzyme — a description that fitted about 10 per cent of the male population! 
This finding, however, suggested that the same assailant was probably involved 
in both cases.

Police asked Professor Jeffreys to use his DNA fingerprinting technique to 
assist in the investigation. Blood and saliva samples were collected on a vol-
untary basis from 4583 men aged between 16 and 34 living in and around 
the two villages. DNA fingerprints were obtained only from those samples 
with the same blood type and enzyme status as the murderer. However, none 
of these DNA fingerprints, including one from a disturbed young hospital 
porter who confessed to the second murder, matched that of the scene-of-
crime DNA.

Police were later informed that a man was overheard in a hotel boasting 
that he gave a blood sample for a friend. When questioned, this man 
admitted that he called himself Colin Pitchfork when he gave his blood 
sample. Pitchfork was arrested, a blood sample was taken from him and 
his DNA fingerprint was found to match that of the semen recovered from 
the crime scene. Pitchfork confessed, pleaded guilty to the murders and, in 
January 1988, was sentenced to life imprisonment. This was the first time that 
the genetic evidence of DNA fingerprinting was used to assist in convicting 
a murder suspect, and also in exonerating the hospital porter who confessed 
to the crime.

Then came DNA profiling
During the late 1980s and early 1990s, two breakthroughs occurred that led to 
the development of DNA profiling, which is now the technique of choice for 
identification today:
1. The minisatellites used by Sir Alex Jeffreys were replaced by the use of a dif-

ferent class of hypervariable DNA segments termed short tandem repeats 
(STRs).

2. New and highly sensitive methods of visualising DNA were developed that 
used fluorescent labelling of DNA.
These two developments, combined with the use of the polymerase chain 

reaction (PCR) to amplify DNA, produced the powerful technique of DNA 
profiling that has applications in so many areas, including forensics and 
medicine.

What is an STR?
STRs are hypervariable regions of chromosomes where sequences of just two to 
five base pairs are repeated over and over. These regions are very common and 
hundreds are scattered throughout the human chromosomes. STRs are termed 
‘short’ because the repeat sequences are only two to five base pairs long, and 
‘tandem’ because the repeats occur one after the other (see figure 14.28). 
However, the number of repeats of an STR marker can vary between people 
and each variation is a distinct allele. The number of repeats of a 4-base pair 
sequence of one STR marker on the number-5 chromosome ranges from 7 to 
15. In most cases, the alleles at an STR locus on a human chromosome are 
named according to the number of repeats and so are identified as allele 7, 
allele 8 and so on.

Odd fAcT

In Australia, DNA evidence 
was first used in 1989 in 
a court case in Canberra. 
The defendant, Desmond 
Applebee, who was charged 
with sexual assault, first 
claimed no involvement. 
When evidence was given 
that DNA from semen found 
on the victims matched 
his DNA profile, although 
Applebee then claimed 
consensual sex, he was 
convicted.

Odd fAcT

Because of PCR, even the 
handling of a mobile phone 
by a person can generate 
sufficient material from which 
that person’s DNA profile can 
be produced.
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figurE 14.28 Diagrammatic representation of an STR showing one allele with 
fi ve repeats of a four-base sequence and the other allele with seven repeats on 
homologous chromosomes. How would these alleles be named? While the STR 
regions are variable, the fl anking regions on either side of the STR are constant.

At each STR locus, an individual is either homozygous or heterozygous and 
so can have a maximum of just two diff erent alleles. Th ese alleles are inher-
ited in a Mendelian fashion, and are co-dominant; that is, where two diff erent 
alleles of the same STR marker are present, both can be detected. Figure 14.28 
shows a person who is heterozygous 5/7 at one particular STR locus and has 
one allele with 5 repeats and the other allele with 7 repeats. Within the gene 
pool of a population, however, many diff erent alleles can exist at each STR 
locus (see fi gure 14.29).

STR
locus 1 7, 10 9, 15 11, 16 10, 12

4, 8 6, 7 5, 9 7, 10
STR

locus 2

Our genotypes at two STR loci.
Quite a mix!

figurE 14.29 Alleles at the same STR loci can vary between different people. 
What is the maximum number of different alleles at one STR locus that can exist 
in one person? In a group of four people?

Note that sometimes a repeat of a 4-base STR is not complete and may be 
missing the fi nal base or the fi nal two bases. In that case, an allele might be 
identifi ed as 9.2 or 30.3. Th e notation 9.2 means that this allele has 9 repeats 
followed by the fi rst 2 bases of the next repeat. Likewise, 30.3 denotes an allele 
with 30 repeats plus the fi rst 3 bases of the next repeat.

Table 14.3 shows the frequencies observed in three diff erent ethnic groups 
in the Australian population for the alleles at one particular STR locus on the 
number-5 chromosome, known as D5S818. Th e number of repeats of this 
4-base STR marker ranges from 7 to 15. Note that the allele frequencies vary 
within a population, with allele 11 being far more common than allele 15. 
Note also that the frequencies vary between populations, with allele 7 being 
about 20 times more common in Asian populations than in the other two 
populations.
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TAblE 14.3 Frequencies of the alleles at the D5 STR locus on the number-5 chromosome for three sample populations 
in Australia. Which allele has the lowest number of base pairs? For a person who is homozygous 13/13 at this locus, 
how many repeats of the STR are present on each of her number-5 chromosomes?

frequency in sample populations

Alleles at D5 STR locus Aboriginal Asian Caucasian

allele 7 0.0010 0.0244 0.0010

allele 8 0.0016 0.0014 0.0021

allele 9 0.0683 0.0551 0.0364

allele 10 0.2107 0.2252 0.0644

allele 11 0.2903 0.2999 0.3739

allele 12 0.2862 0.2343 0.3547

allele 13 0.1267 0.1499 0.1552

allele 14 0.0139 0.0091 0.0104

allele 15 0.0013 0.0007 0.0019

(Source: Data from Weir, B.S., September 2004, ‘Matching and partially matching DNA profi les’, Journal of Forensic Science, Vol. 49, Issue 5.)

Why use STRs rather than minisatellites?
Compared with DNA fi ngerprinting, DNA profi ling:
•	 is far more sensitive and requires smaller quantities of DNA (even a 

pinhead-sized spot of blood can provide suffi  cient DNA) and the STRs can 
be amplifi ed by the polymerase chain reaction (PCR)

•	 is based on alleles whose sizes allow fragments diff ering by just one base 
pair to be distinguished

•	 is carried out in a much shorter time — hours rather than days
•	 uses several single-locus probes rather than one multilocus probe as occurs 

in DNA fi ngerprinting
•	 uses coloured fl uorescent labels to visualise the STRs, rather than radio-

active labels, so that each diff erent STR allele can be identifi ed by colour as 
well as by size

•	 produces less complex patterns that are more easily interpreted.
In addition, unlike minisatellites, population data on allele frequencies of 

STR alleles can be obtained.
In the following section, we will examine the technique of DNA profi ling.

kEy idEAs

 ■ Apart from the DNA of identical siblings, the DNA of each person is unique.
 ■ Depending on the purpose, identifi cation can involve either chromosomal 
(nuclear) DNA or mitochondrial DNA.

 ■ Hypervariable regions present in DNA include minisatellites and short 
tandem repeats (STRs).

 ■ Minisatellites were the basis for identifi cation of the now superseded 
technique known as DNA fi ngerprinting.

 ■ The current technique of identifi cation using DNA is known as DNA 
profi ling and is based on STRs.
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Quick chEck

10 Identify the following statements as true or false:
a The current technique of identification by DNA is known as DNA 

fingerprinting.
b A minisatellite is also known as a short tandem repeat.
c The length of the repeated unit in an STR is from two to five base pairs.
d Chromosomal DNA gives more precise identification than mtDNA.
e One person could have 10 different alleles at one STR locus.

11 List two advantages of DNA profiling as compared to DNA fingerprinting.
12 Who invented the technique of DNA fingerprinting?

DNA profiling in Australia
Where DNA profiling is carried out for forensic investigations and the results 
are to be used in court, the biological samples must be collected according to 
a strict protocol. Laboratories handling and testing the samples must use stan-
dardised procedures under controlled conditions. Samples for DNA analysis 
must be safeguarded and accounted for at every point, from their collection at 
the scene of a crime to their delivery at the laboratory. Why is this unbroken 
chain of custody important? Only certain laboratories are accredited to carry 
out DNA profiling for forensic purposes.

From 1995 up to late 2012, all Australian states used a common method of 
DNA profiling for forensic purposes that involved nine STRs from different 
human chromosomes. These STR markers were chosen because they are 
reproducible, robust, easy to score and are highly informative, and have low 
mutation rates. In addition, a tenth marker (that is not an STR) was used to 
identify the gender of the individual. This gender marker is the Amel locus, 
which is present on both the X chromosome and the Y chromosome. The 
Amel gene on the X chromosome is just 107 base pairs long while that on the 
Y chromosome contains 113 base pairs. As a result, the gender of a person can 
be identified from this marker.

Table 14.4 shows the nine STR loci used prior to 2013 for DNA profiling in 
Australia and the Amel locus used as a gender identifier. Figure 14.30 shows 
the size range of all the alleles of each STR that can be present in human popu-
lations. Where an overlap occurs in the size ranges of the alleles of different 
STRs, they can be distinguished on the basis of coloured fluorescent labels.

TAblE 14.4 The nine STR markers used in DNA profiling in Australia prior to 
2013. For simplicity, STR markers that start with the letter D are identified by their 
chromosomal location only. In fact, the naming of STR markers is more complex; 
for example, the full designation of D13 is D13S317 and D7 is D7S820.

STR locus
Chromosome 

location
Number of repeats
of 4-base sequence

Number
of alleles*

D3  3  8–20 11

vWA 12 10–25 12

FGA  4 12–51 27

D8  8  7–19 11

D21 21 24–38 30

D18 18  7–27 21

Odd fAcT

In Victoria, DNA profiling is 
carried out at the Victoria 
Police Forensic Services 
Department at Macleod.

Odd fAcT

In 1997, the United States 
identified 13 STRs and the 
Amel gender marker for use 
in forensic DNA profiling. In 
2011, the FBI proposed that 
this be expanded to a set 
of 20 STRs and the Amel 
gender marker. This has now 
happened.
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TAblE 14.4 (continued)

STR locus
Chromosome 

location
Number of repeats
of 4-base sequence

Number
of alleles*

D5  5  7–16  9

D13 13  5–16 10

D7  7  5–15 14

Gender marker
Amel X

Y
1 (size 107)
1 (size 113)

*Number of alleles detected in Caucasian Australian population (data from B.S. Weir, op. cit.). 
In fact, other alleles also exist in other populations.

100 bp

Colour
separation

Size separation

200 bp 300 bp 400 bp

D3 vWA FGA

D8 D21 D18

D5 D13 D7

figurE 14.30 Alleles of the different STR markers used in DNA profi ling differ 
in their sizes and can also be distinguished by the colours of the fl uorescent 
labels that they carry. Since late 2012, DNA profi ling laboratories in Australia 
are using an expanded set of 20 STRs and the Amel gender marker to generate 
DNA profi les.

To produce a DNA profi le, the DNA of the STR markers is amplifi ed using 
the polymerase chain reaction (refer back to Amplifying traces of DNA, 
page 627 in chapter 13), and the various alleles of each STR are then separated 
and made visible with fl uorescent dyes.

Th e resulting DNA profi le is a series of coloured peaks at diff erent locations, 
with each peak being one allele of one specifi c STR. Th e location of each peak 
indicates the size of the allele and hence the number of repeats. Where sizes 
overlap, alleles of diff erent STRs are distinguished by fl uorescent labels of 
diff erent colours. A person shows either one or two peaks at each STR locus 
where a peak corresponds to an allele, depending on whether the individual is 
homozygous or heterozygous at that locus. For the Amel gender marker, if just 
a single peak with a size of 107 base pairs appears on the profi le, the person is 
female; if two peaks are detected, one at 107 and the second at 113 base pairs, 
then the person is male.

Figure 14.31a shows the DNA profi le of an individual based on nine STR loci 
and the gender marker. What is the gender of this person? Figure 14.31b shows 
a scientist examining a DNA profi le on a computer screen.
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figurE 14.31 (a) DNA profi les of a person that show the results for nine STR 
markers plus the Amel gender marker. The horizontal scale at the top identifi es the 
sizes of the various STR alleles. The top row of peaks is the combined DNA profi le. 
The lower rows show the alleles at the various STR loci that are distinguished 
by different fl uorescent labels, blue, green and yellow (for clarity, the yellow is 
shown here as black). (Image (a) courtesy of Applied Biosystems.) (b) A scientist 
examining a DNA profi le. What is the maximum number of peaks that could appear 
in the DNA profi le of one person, based on the nine STR markers shown in (a)? 
What is the minimum number?

(b)

(a)
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Th e expanded DNA profi ling system operating in Australia since 2013 con-
sists of 18  STRs and the Amel gender marker, and generates DNA profi les, 
each comprising a maximum of 40 peaks plus the gender indicator. (Compare 
this with the number of peaks in fi gure 14.31a.) Th is expanded system greatly 
increases the discriminatory power of DNA profi ling, reducing the chance of 
any mismatches.

Th ese STR markers are included among the 24 STR markers shown in 
fi gure 14.32. Th is expanded set includes additional STR markers that are used 
worldwide to construct databases.

Th e box at the end of this section introduces a forensic scientist who works 
at the Victorian Institute of Forensic Medicine.

A* D3S1358

TH01

D8S1179

DYS391 FGA

60 65 100

*A = Amelogenin

200 300 400 500

DYS576 DYS570

D12S391 D19S433 SE33 D22S1045

vWA D21S11 D7S820 D5S818 TPOX

D16S539 D18S51 D2S1338 CSF1PO Penta D

D1S1656 D2S441 D10S1248 D13S317 Penta E

figurE 14.32 An expanded STR DNA profi ling system consisting of 24 STR markers and an 
Amelogenin gender identifi er. This system includes the 18 STR markers used in Australia. ‘(Image 
courtesy of Promega Corporation 2016, Madison, Wisconsin, USA.)

STR loci generate many different genotypes (profi les)
For one gene locus with n diff erent alleles, the number of diff erent genotypes 
possible is:

[n × (n + 1)] / 2. Th is means that an STR locus with 7 diff erent alleles can 
produce [7 × 6] / 2 = 21 diff erent genotypes.

So, an STR locus with 14 alleles can produce 105 diff erent genotypes in a 
population, and a diff erent STR locus with 9 alleles can have 45 diff erent gen-
otypes (see note below). Together, these two STR loci produce 105 × 45 = 4725 
diff erent genotypes.

As the number of STR loci increases, the number of diff erent genotypic com-
binations in a population increases enormously. As a result, a DNA profi le 
based on 18 STRs is a unique combination that allows a person to be identifi ed 
with an incredibly high level of probability. Th e chance that the DNA profi le 
of one person is identical to that of another person (except for an identical 
sibling) is one in many billions.

What is meant by a DNA profi le match?
In a criminal investigation, there are two DNA profi les to be considered: the 
DNA profi le from the crime scene and that of the person who has been charged 
with the crime. What is the chance that these two profi les could match purely 
by chance, meaning that an innocent person has been accused of the crime?
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In other words, what is the probability of a match between the DNA from 
the crime scene and the DNA of some unknown person, unrelated to the 
accused?

Using profiles based on 10 STR markers, the UK Forensic Service answers 
this question as follows: If the DNA from the crime scene came from some 
unknown person, unrelated to the defendant, the probability of a match would 
be of the order of one in a billion.

WHAT’S My DNA PRofilE?

Most people are interested in their family histories 
and the names and places of birth of their various 
ancestors. Today, many people are also interested 
in their genetic history as expressed in their per-
sonal DNA profiles. Commercial firms exist that can 
provide people with their DNA profiles for their per-
sonal interest or for other purposes.

A DNA identification (ID) card identifies a person 
not only by name and date of birth, but more 

significantly by the right thumbprint and a unique 
DNA profile based on a set of STRs, commonly nine, 
but sometimes more. STR alleles are inherited in a 
Mendelian fashion and so, at each STR locus, the 
person will have inherited one of the alleles from 
their mother and one from their father. While the 
individual’s appearance will change as she or he 
ages, their physical fingerprint pattern and DNA 
profile will remain unchanged.

National DNA databanks
The power of DNA profiling in forensic investigations has led to the setting 
up of national DNA databanks in many countries. These databases hold the 
DNA profiles of people convicted of serious crimes and the DNA profiles from 
scenes of crime. This resource can be used as evidence to link people to scenes 
of crime, to link one crime scene to the scene of another crime, to clear inno-
cent people and to assist in convicting the guilty.

Perhaps the most spectacular conviction that resulted from the use of 
national DNA databases relates to the rape and murder, in a youth hostel in 
Brittany, France, of a 13-year-old British schoolgirl, Caroline Dickinson, on a 
school excursion in July 1996. DNA samples from her five male school com-
panions, two male teachers and the coach driver excluded them, and the case 
remained unsolved. One possible suspect was Francisco Montes, formerly 
from Spain, but he had disappeared. In 2001, an immigration official in the 
United States read about this case and discovered that Montes had immigrated 
to America. Just a few weeks earlier, Montes had been arrested for trying to 
break into a youth hostel in Florida. Because of this, his DNA profile was on 
file in the American national DNA database (CODIS) and his DNA profile was 
found to match that from the murder scene in Brittany. Montes was arrested, 
extradited to France and, in June 2004, was sentenced to 30 years imprison-
ment for Caroline’s murder.

Some national DNA databases have been established as follows:
•	 April 1995: The UK DNA database (NDNAD) was the first National DNA 

Databank to be set up in the world. As at October 2013, NDNAD held 
the DNA profiles of more than 5.8  million people plus more than 400  000 
unknown scene-of-crime profiles. DNA profiles are held in the database 
as a series of numbers and a gender identifier, either XX or XY, as, for 
example:

14,18; 30,31.2; 16,17; 13,14; 28,11; 12,14; 19,23; 6,7; 12,14; 21,23;  .  .  .  . X,Y

•	 October 1998: The Federal Bureau of Investigation (FBI) in the United States 
set up its Combined DNA Index System (CODIS). As at December 2011, this 
national database held more than 110 million profiles.
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•	 July 2000: Australia’s CrimTrac database set up by the federal government 
included a national criminal DNA database, a national automated fi nger-
print identifi cation system (NAFIS) and a national child sex off ender system. 
In July 2016, CrimTrac ceased to exist and its functions were absorbed by 
the newly established Australian Criminal Intelligence Commission (ACIC), 
which has a broader scope of operation involving investigative, research and 
information delivery services (see fi gure 14.33).
In Australia, the collection of DNA samples is done in accordance with re l-

evant state and territory legislation. DNA profi les are prepared using the agreed 
standard STR loci at accredited forensic laboratories. DNA profi les are then sup-
plied to the National Criminal Investigation DNA Database (NCIDD) where they 
are held in digital form. When a DNA profi le is supplied to the NCIDD, the name 
of the person from whom the sample comes does not form part of the data — this 
is one of the privacy safeguards. Only the state police authorities know the names 
of the people who provide the DNA profi les. So, when a match is made, details 
are returned to the police service concerned, where the identifi cation is made.

figurE 14.33 The Australian Criminal Intelligence Commission (ACIC) delivers key law enforcement 
information and services to police Australia-wide to equip them to investigate, solve and prevent crime. Included 
in the many functions of ACIC is the maintenance of the National Criminal Investigation DNA Database (NCIDD). 
(Image courtesy of the ACIC.)

Using the DNA database
DNA profi les from crime scenes are searched against the DNA profi les from 
individuals:
•	 A full match occurs when all the numbers (and gender marker) representing 

an individual’s DNA are an exact match to the numbers representing the 
DNA left at the crime scene (see fi gure 14.34a).

•	 A partial match occurs when some data points are missing from the scene-
of-crime DNA sample (see fi gure 14.34b), perhaps because the criminal 
tried to remove evidence from the scene of the crime. Partial matches can 
still provide useful information for police investigators.

•	 Another kind of database search is a familial search. Th is is used to look 
for possible close relatives of the suspected off ender in cases where the 
police have found the off ender’s DNA at the crime scene but the suspected 
off ender does not have a profi le in the databank. In this case, the search is for 
individuals with close familial links to the suspected off ender. From this infor-
mation, the DNA profi le of the suspect can be inferred, and, depending on the 
outcome, the suspect will either be arrested or will be cleared of any suspicion.
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15 18 11 13 22 22 14 17 17 19 16 1811 12 9 16.28 32.26 9 X Y

(a) 

(b) 

Individual’s DNA pro�le: 15 18

Crime DNA pro�le:

Individual’s DNA pro�le:

Crime DNA pro�le:

11 13 22 22 14 17 17 19 16 1811 12 9 16.28 32.26 9 X Y

15 18 11 13 22 22 14 17 17 19 16 1811 12 9 16.28 32.26 9 X Y

15 11 13 14 17 19 16 1812 9 16.28 32.26 9 X Y

figurE 14.34 Matches between an individual’s DNA profi le and a crime scene DNA profi le may be (a) a full 
match or (b) a partial match. (Source for both (a) and (b): National DNA Database Strategy Board Annual Report 
2012–13, United Kingdom.)

issues in DNA profi ling
1. DNA databanks: Debate exists in terms of the balance between human 

rights and protection of the community, as, for example:
	 •	 	Whose	DNA	profi	les	should	be	added	to	the	national	databank	—	only	

individuals convicted of serious crimes or should individuals convicted 
of minor crimes be included too? Or should individuals accused of 
crime but not convicted, that is, innocent people, also be included?

	 •	 	Should	DNA	profi	les	be	held	in	databanks	permanently	or	should	they	
be removed after a given period?

2. Familial searching: Th is type of search involves the comparison of a 
crime scene profi le with suspect and convicted off ender profi les on a 
DNA database, looking for relatives to the crime scene profi le. Th e result 
of a kinship search is a list of candidate relatives in decreasing order of 
being the likely source of the crime scene DNA sample. Such a search will 
return many possible candidates that have similarities to the unknown 
profi le. Th is is very diff erent from using the databank to fi nd a direct full 
match between a crime scene DNA sample and a single databank DNA 
profi le.

  A familial search of the Californian DNA database found a partial match 
between a younger man’s profi le and that of the DNA of crime scenes 
related to the murders of African-American women over a period of more 
than 20 years. Th is fi nding led police to the father of the younger man who 
was apprehended and charged.

  In spite of its success in solving cold cases, familial searching has raised 
some legal and ethical concerns. Concerns have been expressed that wider 
implementation of familial searching will cause investigators to rely too 
much on genetic leads at the expense of other potentially more useful lines 
of investigation. Some argue that familial searching should only be used to 
protect public safety in those cases where there is a high probability that 
an unknown perpetrator of a serious crime will strike again.

  Th e use of familial searching also raises the issue of whether relatives of 
convicted criminals whose DNA is in databanks and who can be reached 
through familial searching are being unfairly discriminated against. Th is is 
as compared to relatives of individuals whose DNA is not in the databank. 
Some people are concerned that familial searching identifi es a person 

unit 4 DNA profi ling
Summary 
screen and 
practice questions

AOs 2

Topic 2

concept 3
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not because of what they are known to have done but because they have 
criminal relatives.

3. Predictive testing: Predictive testing refers to the ability to use a sample of 
a person’s DNA to predict aspects of that person’s phenotype. As studies of 
the human genome and the related areas of proteomics and metabolomics 
have expanded, this is becoming less fi ctional and more possible. Already, 
a few phenotypic traits such as blue eye colour and red hair colour can 
be predicted with reasonable accuracy. In addition, DNA can give an 
indication of the geographic ancestral origin of individuals through 
identifi cation of their DNA haplotypes.

  Concerns have been raised about predictive testing of DNA samples 
to identify aspects of a person’s appearance because presently this is not 
a mature science but a science under development and, in addition, a 
phenotype is not determined exclusively by one’s DNA but is also aff ected 
by many environmental factors, including childhood infections, quality of 
diet, accidents and plastic surgery, to name a few.

  Other issues raised relate to the possibility of reinforcing prejudices 
against certain groups within the community and promoting racial 
stereotypes if DNA samples are used to determine genetic ancestry 
and whether this information is made public in relation to individuals 
suspected of crime.

biologiST AT WoRK

Dr Dadna Hartman is a forensic scientist with the 
Victorian Institute of Forensic Medicine.

My scientifi c journey started as a postgraduate 
student in the Department of Biochemistry at 
La Trobe University where I fi rst discovered the 
wonders of DNA. At the time I was fascinated by the 
advent of PCR and DNA sequencing and the power 
these techniques promised. I could only imagine 
what one could achieve with technologies capable 
of deciphering the genetic code locked away in 
the genome of a cell; as they say, I was hooked. After 
the completion of my PhD studies, I commenced my 
postdoctoral career as a Howard Hughes Associate 
at UT Southwestern Medical Center in Dallas, Texas. 
Early in my postdoctoral career, I came to the con-
clusion that I wanted to do applied science, rather 
than pure research. My scientifi c training in mol-
ecular biology enabled me to transfer my skill set to 
varied fi elds of application, taking me from cancer 
research to animal genetics and genomics and ulti-
mately leading me to forensics (where I would like to 
say I found my calling).

The Victorian Institute of Forensic Medicine 
(VIFM), Melbourne, Victoria, is charged with the 
responsibility of assisting the Coroners Court of 
Victoria with the medico-legal death investiga-
tion of reportable deaths. Part of this process is the 
identification of deceased persons in cases where 
identifi cation can only be achieved through scientifi c 

approaches such as DNA analysis. In these instances, 
a DNA profi le is obtained from the deceased person 
and matched to the DNA profi le obtained from family 
members to verify a genetic relationship. Although I 
enjoyed shows like CSI and NCIS as much as the next 
person, I did not truly appreciate the complexity of 
the work undertaken as part of a forensic investiga-
tion until I started working at the VIFM as the Chief 
Molecular Biologist.

figurE 14.35 Dr Dadna Hartman, Manager 
Molecular Biology and Chief Molecular Biologist, 
Victorian Institute of Forensic Medicine. (Image 
courtesy of Dr Dadna Hartman.)

(continued)
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At the VIFM, my team routinely works with chal-
lenging samples that are compromised with respect 
to the quality and quantity of recoverable DNA. We 
routinely work with a variety of diff erent samples that 
each have their own nuances: blood, bone, teeth, 
hair, and even toenail clippings. To ensure that we 
obtain unadulterated DNA profi les, we work in a lab-
oratory specifi cally designed to minimise the risk of 
contamination. Additionally, all of our methods are 
performed under NATA accreditation so our stake-
holders can have confi dence in our fi ndings. Our 
casework includes the identifi cation of long-term 
missing persons, as well as assisting our Victorian 
and interstate police colleagues in cold case and 
homicide investigations. Th rough the provision of 
DNA analysis, particularly of mitochondrial DNA, 
we have assisted in solving crimes that can date 
back more than 20 years. As our fi ndings generally 
form part of an evidence brief to either the Coroners 
Court of Victoria or a police agency, we are from 
time to time required to provide evidence in court. 
In this capacity, I am required to explain complex 
scientifi c procedures to lay members of a jury and to 
withstand the pressures of cross-examination.

An important aspect of our work centres on 
Disaster Victim Identifi cation (DVI). My team, like 
many around the country, are trained and ready 
to deploy should we be required to assist in the 
identifi cation of victims in a mass disaster. Th is was 
poignantly brought home to us during the 2009 
Victorian Bushfi res, where we assisted in the identifi -
cation of those who perished in the fi res. During this 
time, we completed a year’s worth of DNA analysis 
in three months.

Although our work is service-delivery focused, we 
are constantly investigating new ways to improve our 
DNA analysis capabilities through research activities 
aimed at improving our extraction and profi ling 
techniques, such as massive parallel sequencing and 
SNP analysis. To this end, the VIFM runs an active 
research program at the Department of Forensic 
Medicine, Monash University. Th rough this avenue, 

we off er honours-year research projects aimed at 
improving our DNA analysis capabilities.

In conclusion, although our work is challenging 
at times, particularly when working on complex 
or high-profi le cases, there is an immense sense of 
satisfaction in helping families at a time when they 
are particularly vulnerable. I come to work with the 
knowledge that I am doing something the commu-
nity values and that I enjoy immensely.

figurE 14.36 Molecular Biologist extracting DNA 
from a forensic sample. Note: The scientist is wearing 
appropriate PPE and working within a Lamina Flow 
cabinet to safeguard the sample from potential 
contamination from exogenous DNA. (Image courtesy 
of Judith Kinnear.)

kEy idEAs

 ■ DNA profi ling in Australia is based on 18 short tandem repeat (STR) loci 
plus a gender marker.

 ■ DNA profi ling has played a role in criminal convictions.
 ■ National DNA databanks have been set up in many countries, including 
Australia.

 ■ Extension of the use of DNA databanks for purposes such as familial 
searching and predictive testing has raised debate on some issues.
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Quick chEck

13 Identify the following statements as true or false:
a The gender marker used in DNA profi ling is an STR.
b The national DNA databank in the United States is known as CODIS.
c DNA profi ling in Australia uses a number of different STR loci in different 

states.
d The greater the number of alleles of an STR, the higher the number of 

possible different genotypic combinations in a population.
e It is now possible to give an accurate description of a crime suspect 

based on DNA from the crime scene.
14 What is the name of the national DNA databank in Australia?
15 A DNA profi le shows two peaks for the gender marker. What is the gender 

of the person concerned?
16 Give one example of the use of DNA profi ling in assisting in a criminal conviction.

identifi cation in mass disasters
In mass disasters, such as aircraft crashes or terrorist bombings, it is not always 
possible to identify victims by conventional methods, such as visual identifi -
cation, fi ngerprints, dental records, X-rays and tattoos. In the terrorist attack 
on the US World Trade Center twin towers on 11 September 2001 (known as 
9/11), nearly 2800 people died. Because of the intense heat and the violent col-
lapse of the towers, fewer than 300 intact bodies were recovered. Of the victims, 
about 1600 have been identifi ed and, for more than half of these, the means 
of identifi cation was DNA analysis. In these cases, DNA profi les of body parts 
were matched with DNA profi les from victims’ personal eff ects, such as tooth-
brushes, combs, hairbrushes and razors. In addition, reference DNA samples 
were supplied by family members.

On 12 October 2002, terrorist bombings in Bali caused the deaths of more 
than 200 people, including 88 Australians (see fi gure 14.37). A team of Australian 
experts in forensic identifi cation travelled to Bali to identify the victims. Of these, 
some were identifi ed from dental records, some by fi ngerprints, but some could 
be identifi ed only using DNA. In the box below, you can read the remarkable 
story of Linzi Wilson-Wilde, a DNA analysis expert, who was a key fi gure in the 
Bali victim identifi cations. Linzi received a Medal of the Order of Australia for 
this work. She is now Director of the National Institute of Forensic Science at the 
Australia New Zealand Policing Advisory Agency (ANZPAA NIFS). Linzi is recog-
nised as the most senior forensic scientist in Australia.

figurE 14.37 Australian 
forensic offi cers from the 
Western Australian police 
force search the Bali bombing 
site for evidence in October 
2002. The bombs killed more 
than 200 people, including 
88 Australians. Of these 
victims, some were identifi ed 
from dental records, some by 
fi ngerprints, but some could 
be identifi ed only using DNA.

Odd fAcT

All United States troops have 
a drop of blood on fi le at the 
Armed Forces Identifi cation 
Library in Rockville, 
Maryland, for identifi cation 
purposes in the event that 
military personnel are killed.
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DNA and paternity testing
Are they my children? This question can be answered by DNA profiling since 
the alleles at each STR locus behave in a Mendelian fashion, with half the 
alleles of a child being contributed by the mother and half by the father. For 
each test locus, a child inherits one allele from the mother and the other 
from the father.

If the paternity of a child is in question, a DNA test can be carried out on 
the child and on the man in question to resolve the issue. If the child carries 
paternal alleles that are not present in the man, the man in question can be 
excluded as the biological father. If, on the other hand, the paternal alleles in 
the child match those present in the man, the man cannot be excluded as the 
biological father.

Table 14.5 shows the DNA profiles, based on just four DNA markers, of two 
parents and three children. A question has been raised about the paternity of 
child 3. What conclusion can be reasonably drawn about child 3?

TAblE 14.5 DNA profiles of two parents and three children.

STR locus Mother father Child 1 Child 2 Child 3

D3 14, 18 16, 17 14, 17 17, 18 14, 16

D8 10, 15 12, 13 13, 15 10, 13 10, 15

D21 28, 30 31, 32 28, 31 28, 32 30, 30

D7  8, 10  7, 13   7, 8 10, 13  7, 10

DNA identification has played a role in reuniting children who have been 
separated from their families deliberately, such as being abandoned at birth, 
or by accident, such as displacement during war. DNA identification has been 
used, for example, in reconstructing the family histories of Aboriginal children 
forcibly separated from their families.

biologiST AT WoRK

Dr linzi Wilson-Wilde oAM — forensic 
scientist
As a forensic scientist, your role is to examine evi-
dence, formulate opinions and present those 
opinions in courts of law. Although this can be very 
confronting, it is a very rewarding career.

I became interested in forensic science during 
my undergraduate years at La Trobe University, 
Victoria, where I was given a forensic-related gen-
etics project. I gained a Bachelor of Science degree 
in 1995 and went on to complete a Postgraduate 
Diploma in Science in population genetics and 
forensic analysis in collaboration with the Victoria 
Police Forensic Services Department (VPFSD) and 
La Trobe University, where I gained my passion for 
forensic science.

After graduating, my first position was with the 
Biology Division of the VPFSD, where I received all 
of my training and was later involved in the estab-
lishment of the DNA analysis method. While at the 
VPFSD, and as part of a cooperation exercise with 
the Vietnamese Police, I was deployed to Vietnam to 
train local scientists in the method and use of DNA 
profiling in the establishment of a government DNA 
laboratory.

In 2000 I was employed as a forensic DNA specialist 
with the Forensic Services Group of the New South 
Wales Police Service. While there, I worked on the 
investigation of a number of ‘cold case’ murders and 
a contemporary triple murder. I was also involved in 
Australia’s first mass DNA screen in the town of Wee 
Waa, where the voluntary DNA screening of 496 men
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was conducted. Th is led to the identifi cation and 
conviction of a rapist. I also served on the Working 
Party on Law Enforcement and Evidence for the 
Australian Law Reform Commission Report into the 
Protection of Human Genetic Information, released 
in 2003.

I later joined the Biological Criminalistics Team 
at the Australian Federal Police (AFP) as the Team 
Leader. Th e team was responsible for providing bio-
logical and DNA analysis services for the AFP in 
the Australian Capital Territory and for federal and 
overseas investigations. My role involved exam-
ining items, such as clothing and weapons, for 
the presence of biological material and then con-
ducting DNA analysis on the material found. I was 
also trained in bloodstain pattern analysis, which 
looks at bloodstain patterns at crime scenes to 
determine the sequence of events. Results of exam-
inations and opinions drawn are then presented in 
courts of law.

My career highlight has been my work on Disaster 
Victim Identifi cation (DVI) and criminal investi-
gation of the Bali bombings in 2002, for which I was 
awarded a Medal in the Order of Australia. For fi ve 
months, initially working 18 hours a day, seven days 
a week, I was responsible for up to 50 scientists ana-
lysing samples from remains and missing persons’ 
reference samples for DNA comparison. Over 3000 
DNA tests were performed, which helped to identify 
199 victims; only three bodies remain unidentifi ed. 
Th e team also analysed crime scene samples, gath-
ering evidence that contributed to the conviction 
of the bombers. I was also integrally involved in the 
drafting and passage of appropriate legislation that 
allowed the matching of DNA results for the DVI 
process. To facilitate this, I sat on the fl oor in both 
the House of Representatives and the Senate while 
the amendment to the legislation was tabled and 
debated — an exciting experience.

I have since returned to Melbourne where I 
became the General Manager of the National 
Institute of Forensic Science at the Australia New 
Zealand Policing Advisory Agency (ANZPAA NIFS). 
During this time I completed my PhD in the investi-
gation of wildlife crime using molecular DNA 
analysis at the Melbourne Museum and with the 

University of Canberra. I was also inducted into the 
Victorian Honour Roll of Women in 2014.

I am now the Director of ANZPAA NIFS, which 
involves running the agency for Australia and 
New Zealand. We are working on facilitating national 
standardisation of forensic analysis, research and 
innovation, education and training, quality programs 
and national information exchange and collabora-
tion. It is a wonderful opportunity to give back to the 
fi eld I love. In life you never stop learning. Whatever 
you pursue in life, whatever career you choose, 
always remain focused and committed.

figurE 14.38 Dr Linzi Wilson-Wilde OAM. (Image 
courtesy of Dr Linzi Wilson-Wilde.)

kEy idEAs

 ■ DNA identifi cation has played a major role in identifying victims of mass 
disasters where other methods cannot be used.

 ■ DNA testing is used in paternity testing and in reuniting children separated 
from their parents.
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Quick chEck

17 Identify the following as true or false:
a Alleles at each STR locus behave in a Mendelian fashion.
b Boys inherit all their STR alleles from their fathers.
c DNA testing can be used to exclude a man as the biological father of a 

child.
18 True or false? A mother with alleles 10 and 15 and a man with alleles 12 

and 14 at the D8 STR locus could have a child with the alleles 14 and 15 
at the same locus.

DNA profi les are not just for people!
Like human chromosomes, the chromosomes of other mammals, including 
domestic pets, contain many short tandem repeats (STRs) that can be used to 
create DNA profi les. Just as people can be identifi ed by their DNA profi les, so 
too can domesticated mammals, such as horses, cattle, sheep, dogs and cats 
(see fi gure 14.39), as well as wildlife. In addition, the mtDNA of these species 
can be used to show pedigree relationships.

DNA profi ling of mammals can be used for various purposes, such as pros-
ecuting people who are trading illegally in wildlife, confi rming the parentage 
of valuable breeding stock or, in the case of a dog attack, matching saliva 
traces left on a victim of a dog attack to a particular dog. Domestic pets leave 
traces, such as hair, saliva and blood, on clothing, carpets and furnishings. 
DNA from these traces can provide forensic evidence to link human suspects 
to the scene of a crime or to a victim. As with human DNA profi les, it is poss-
ible to identify individual animals with a very high degree of certainty and to 
identify with certainty whether an individual animal is the off spring of par-
ticular parents.

We too have
DNA profiles!

figurE 14.39 DNA is the 
common genetic material of all 
animals, including mammals. 
As a result, DNA profi les can 
be prepared not only from 
people but also from domestic 
pets and other mammals.

Protecting Australia’s wildlife using DNA
Australia’s rare native birds, such as the red-tailed black cockatoo 
(Calyptorhynchus banksii), and native reptiles, such as thorny devils (Moloch 
horridus), attract high prices in Australia and even higher prices when smug-
gled overseas (see fi gure 14.40).

Odd fAcT

In Canada, DNA databases 
for moose (Alces alces), 
caribou (Rangifer tarandus) 
and black bear (Ursus 
americanus) enable species 
to be identifi ed from 
biological traces. These 
databases have been used to 
assist in prosecuting people 
for illegally poaching bears 
in Ontario, where they are 
protected, and in disproving 
the false claim that the bears 
were legally hunted in the 
province of Manitoba.
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Our native wildlife is protected by legis-
lation and cannot be collected in the wild. 
Several laboratories in Australian states have 
the expertise to perform DNA fi ngerprinting 
and mtDNA analysis of wildlife. Th ese lab-
oratories work with government agencies to 
protect our wildlife from exploitation such as 
unlawful collecting and unlawful export.

For example, registered breeders hold 
licences from state wildlife authorities that 
allow them to breed rare native birds and rep-
tiles using approved captive stock. However, 
many of these species are very diffi  cult to 
breed in captivity. DNA profi ling has been 
used to test pedigree claims and distinguish 
between rare native birds produced through 
legal captive breeding and those obtained by 
illegal nest robbing. Illegally obtained birds 
can be readily identifi ed because their DNA 
profi les do not match those expected in the 
off spring of the alleged parent birds.

DNA technology has also been used to 
test the validity of claims that native wild-
life specimens in the possession of collectors 
were obtained legally by purchasing them 
from approved breeders. In a case in NSW 
in 2010, DNA evidence was used for the fi rst 
time to secure the conviction of a man who 
had illegally collected pygmy spiny-tailed 
skinks (Egernia depressa) from their habitat in 
Western Australia (see fi gure 14.41). His claim 
that he bought the skinks from a registered 
breeder was disproved when the DNA profi les 
of the skinks failed to match those expected to 
be produced by the alleged parents.

figurE 14.41 The pygmy 
spiny-tailed skink (Egernia 
depressa). When illegally 
exported from Australia and 
sold on the black market, 
these reptiles are worth 
many thousands of dollars 
each. Taking these skinks 
from their habitat involves 
not only their loss from the 
native populations, but also 
the destruction of the rocks in 
which they shelter.

figurE 14.40 Red-tailed black cockatoo, a native Australian 
bird. How are gene manipulation techniques assisting in 
protecting these and other species of native birds in their 
natural habitats?
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Cats have DNA profi les
Snowball the cat has the distinction of being the fi rst cat whose DNA profi le led 
to a conviction of a person for murder — this was the fi rst occasion on which 
STR genotyping of pet animal hairs was admitted in evidence in a criminal 
trial, in Canada.

In October 1994, a woman disappeared from her home. In woodlands near 
to where the missing woman’s car was found, a man’s bloodstained leather 
jacket was found and this blood matched that of the missing woman. Several 
white hairs were found on the lining of the jacket — not human hairs but 
hairs from a white cat. In May 1995, Canadian police found the woman’s body 
in a shallow grave. Her estranged husband, Douglas Beamish, was charged 
with her murder. Th e leather jacket could be identifi ed only as being like one 
owned by Beamish. However, police recalled seeing a white cat at the home 
of Beamish’s parents where Beamish was living. DNA analysis showed that the 
white hairs came from this white cat, Snowball. Th e presence of Snowball’s 
hairs at the crime scene implicated Beamish in this murder. Th is DNA evi-
dence was a major factor in convicting Douglas Beamish of the murder of 
his wife.

Hairs, blood and buccal (cheek) swabs obtained from cats can be used to 
generate DNA profi les. Th e identifi cation of domestic cats (Felis catus) for 
forensic purposes is now typically based on 11 STRs plus one gender identifi er. 
Table 14.6 and fi gure 14.42 show the STR loci used in cat DNA profi ling, the 
number of diff erent alleles identifi ed for each STR and the chromosome where 
the STR is located.

TAblE 14.6 Features of the STRs used in forensic identifi cation with cat samples. 
Which STR has the highest number of alleles?

STR locus No. of alleles Chromosome

FCA441  8 D3

FCA723 20 A1

FCA731  6 B1

FCA733 16 B2

FCA736 23 B4

FCA740  7 C1

FCA742 15 D4

FCA749 14 F2

F53 11 A1

F85 32 B1

F124 20 E1

Gender identifi er 
SYR Y

(Source: Menotti-Raymond et al., 2005, Journal of Forensic Sciences, Vol. 50, p. 1061.)

100 bp

SRY

200 bp

FCA 441

FCA 742 F 85

F 53 FCA 749

FCA 740

FCA 731

300 bp 400 bp

FCA 733 FCA 723

FCA 736 F 124

figurE 14.42 Size ranges 
of STR sequences used for 
cat samples, and the different 
fl uorescent dyes used to 
distinguish them in cases 
of size overlap (data from 
Menotti-Raymond et al., 2005, 
Journal of Forensic Sciences, 
Vol. 50, p. 1061).

Odd fAcT

The likelihood that the DNA 
profi le of the cat hair found 
on the bloodstained jacket 
would match Snowball’s 
DNA profi le by chance was 
estimated at 1 in 45  million.

Odd fAcT

As for human DNA profi les, 
the STR loci in cats used for 
forensic identifi cation contain 
variable numbers of four-base 
repeats.
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Figure 14.43 shows the DNA profi les of two domestic cats, one male and one 
female. Note that only the male shows the presence of the gender identifi er, at 
the extreme lower right-hand corner.

100

4000

125 150 175 200 225 250 275 300 325 350 375

2000

0

4000

2000

0

figurE 14.43 DNA profi les of two domestic cats, one female at top and one male at bottom. The scale at the top 
shows the size of the various alleles and the vertical scale at the side shows the fl uorescence intensity. For clarity in 
these profi les, peaks with a yellow fl uorescent label are shown in black. (Reprinted with permission from the Journal of 
Forensic Sciences, Vol. 50, Issue 5, copyright ASTM International.)

And dogs are crimebusters too!
In 1998 in the United States, critical evidence against two people accused of 
murder proved to be bloodstains on their clothing that came from the victim’s 
dog, which had also been shot. Th e DNA profi le of these bloodstains matched 
that of a blood sample taken from the dog and linked the accused to the crime 
scene.

Like people, DNA profi ling of dogs is based on 10 STR markers. Figure 14.44 
shows a sample of an ID card produced in the United States for dogs.

figurE 14.44 Here we see a ‘doggie licence’ for Stolie, a St Bernard dog. On the back of this licence is Stolie’s DNA 
profi le based on 10 STR loci. Can you identify an STR locus for which Stolie is homozygous? At how many loci is Stolie 
heterozygous? (Image courtesy of Genomic Diagnostics.)
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In several countries, dog breeders who wish to be accredited with the re l-
evant national body, such as Th e Kennel Club (UK), are required to have their 
breeding stock DNA profi led. Discussion is underway about possible com-
pulsory DNA testing of breeding dogs in order for them to be registered with 
the Australian National Kennel Council (ANKC). Each dog, identifi ed by its 
microchip or tattoo, would be required to have a DNA test based on material 
obtained from a buccal (cheek) swab.

Figure 14.45 shows a dog having a buccal swab taken for DNA testing. Th is 
test uses 11 STR markers as well as a gender identifi er.

figurE 14.45 Ricky, a 
golden retriever, having a 
buccal (cheek) swab taken for 
DNA testing. (Image courtesy 
of Genomic Diagnostics.)

Canine DNA profi les, like human DNA profi les, are a series of peaks, with 
each peak corresponding to one allele at an STR locus. Figure 14.46 shows the 
DNA profi le of Oscar the dog.

figurE 14.46 DNA profi le 
of Oscar the dog. The name 
of each STR locus is shown 
above the relevant peaks. 
At which STR locus is Oscar 
homozygous? (Image courtesy 
of Genomic Diagnostics.)

Odd fAcT

For any greyhound to 
be raced in Australia or 
New Zealand, Greyhounds 
Australasia requires that the 
sire (father) and the dam 
(mother) of the greyhound 
be DNA-certifi ed. This 
certifi cate, combined with 
a microchip, guarantees 
accurate identifi cation of 
each racing greyhound.
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DNA profi ling is also carried out on thoroughbred horses (see fi gure 14.47). 
Since 2003, registration in the Australian Th oroughbred Stud Book requires 
that all thoroughbred foals born in Australia have a DNA test using material 
from the roots of hairs taken from their manes. In the case of horses, a set of 
17 particular STRs is used to create a unique DNA profi le.

figurE 14.47 A thoroughbred mare and her colt. (Image courtesy of Judith Kinnear.)

DNA profi ling is also done on cattle. Figure 14.48 shows samples of hairs 
(with roots) taken from cattle. Each sample is then sent to a laboratory for DNA 
profi ling and this profi le, plus an electronic tag, forms a unique identifi er for 
each animal. Th is means that animals can be tracked at any stage, and that a 
meat sample taken from a carcass can be matched back to a particular animal.

figurE 14.48 Hair samples 
from cattle ready to be sent 
for DNA profi ling. (Image 
courtesy of Zoetis.)

Breeders of pedigreed animals such as cattle and horses need to know 
the sire (father) and dam (mother) of the animals that they breed. Mistakes 
in assigning parents can occur, owing to cross-suckling, semen and embryo 
mix-ups during artifi cial insemination or embryo transfer programs, mistakes 
in record keeping or mixed-sire matings such as occur when a gate is left open 
or an animal jumps the fence. Th e error rate in assigning parentage in one 
New Zealand study was found to be 19 per cent — this means that the parents 
of nearly one animal in fi ve had been misassigned. Wrong parent assignment 
might later mean legal action!
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kEy idEAs

 ■ DNA profiles can be prepared from biological material from mammals, 
including domestic pets.

 ■ As for humans, DNA profiling of other mammalian species involves the use 
of short tandem repeats (STRs).

 ■ DNA profiling of domestic pets has been used as evidence in courts of law.
 ■ Paternity testing based on DNA profiles is used in pedigreed animals.

Quick chEck

19 List two non-human species for which DNA profiling has been done and, in 
each case, identify one reason why it was done.

20 Refer to figure 14.42 and identify:
a the approximate size of the gender marker for cats
b the size range for the FCA740 marker in the cat population.

21 Identify one means by which tissue is obtained from dogs for 
DNA profiling.
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1 The following table shows the DNA profiles of the 
members of the Romanov family murdered in 1918 
in Ekaterinberg, based on a set of 15 autosomal STR 
markers. Samples 4.3, 7.4, 3.46, 5.21 and 6.14 were 

obtained from skeletal remains recovered from the 
grave opened in 1991. Samples 147 and 146.1  
were from skeletal remains from the grave opened 
in 2007.

Marker

Sample 4.3 Sample 7.4 Sample 3.46 Sample 5.21 Sample 6.14 Sample 147 Sample 146.1

Tsar 
Nicholas ii

Tsarina 
Alexandra olga Tatiana

Maria or 
Anastasia

Anastasia or 
Maria Alexei

Amelog X, Y X, X X, X X, X X, X X, X X, Y

D3S1358 14, 17 16, 18 17, 18 17, 18 16, 17 17, 18 14, 18

TH01 7, 9.3 8, 8 8, 9.3 7, 8 8, 9.3 7, 8 8, 9.3

D21S11 32.2, 33.2 30, 32.2 30, 33.2 32.2, 33.2 30, 33.2 30, 33.2 32.2, 33.2

D18S51 12, 17 12, 13 12, 12 12, 12 13, 17 12, 17 12, 17

D5S818 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12

D13S317 11, 12 11, 11 11, 11 11, 11 11, 11 11, 11 11, 12

D7S820 12, 12 10, 12 12, 12 10, 12 12, 12 10, 12 12, 12

D16S539 11, 14 9, 11 11, 11 11, 11 11, 14 9, 11 11, 14

CSF1PO 10, 12 11, 12 11, 12 11, 12 10, 11 10, 12 10, 12

D2S1338 17, 25 19, 23 17, 19 23, 25 17, 19 17, 23 23, 25

vWA 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16

D8S1179 13, 15 16, 16 13, 16 15, 16 13, 16 15, 16 15, 16

TPOX 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8

FGA 20, 22 20, 20 20, 22 20, 20 20, 22 20, 22 20, 22

D19S433 13, 13.2 13, 16.2 13.2, 16.2 13.2, 16.2 13, 16.2 13, 13 13, 13.2

(Source: Coble, M.D. et al., 2009. Mystery solved: the identification of the two missing Romanov children using DNA analysis, PLoS ONE 
Vol. 4, No. 3.)

a Suggest why samples 6.14 and 147 are identified as 
either Maria or Anastasia.

b What role does the Amelog marker play in a profile?
c What is an STR?
d A student stated: ‘Why use 11 STR markers rather 

than just 2? Surely that would make the situation far 
less complicated’. Do you agree with the student?

e The entries in the columns include numbers such as 
12, 13 and 30, 30.2. What do these numbers denote?

f For the D18S51 marker, which parent contributed the 
12 allele to Alexei?

g For the D21S11 marker, which parent contributed the 
32.2 allele to the person represented by sample 147?

h Are all possible genotypes represented in the four 
children of Tsar Nicholas and the Tsarina?

i If the genotype of sample 146.1 for the fgA marker 
had been 22, 22, would this have made a difference?

2 In September 2011, the announcement was made 
that skeletal remains (minus the head) exhumed from 
Pentridge Prison in Melbourne were those of the 
bushranger Ned Kelly, who was hanged at the Old 
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Melbourne Gaol in 1880. The 
Victorian Institute of Forensic 
Medicine (VIFM) explored several 
lines of evidence in the process 
of identifying these remains. This 
evidence included X-rays, CT 
scans, skeletal measurements 
and historical records. In addition, 
mtDNA was successfully isolated 
from the skeletal fragments by a 
DNA laboratory in Argentina.
a  Suggest how historical records 

might contribute to the 
identifi cation process.

b Suggest how skeletal measurements and other 
skeletal features might contribute to the identifi cation 
process.

c Leigh Olver, a teacher in Melbourne, is the great-
grandson of Ellen, one of Ned’s sisters. Leigh was a 
key player in the identifi cation process because the 
mtDNA from the remains was found to match Leigh’s 
mtDNA.

In fi gure 14.49, which of the following pedigrees (A, B or 
C) shows the inheritance of mtDNA from Ned’s mother to 
Ned and then, over several generations, to Leigh Olver? 
Briefl y explain your decision.

figurE 14.49 

A

Ellen

Ned

Leigh

B

Ellen

Ned

Leigh

C

Ellen

Ned

Leigh

 Ned Kelly.
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unit 4 dnA manipulation

Biological 
knowledge and 
society

Practice questions

AOs 2

Topics 1&2 

Key words
carrier testing
DNA fi ngerprinting
DNA profi ling
familial search

genetic
genetic screening
genetic testing
Huntington’s disease (HD)

predictive testing
pre-implantation 

genetic diagnosis 
(PGD)

presymptomatic testing
short tandem repeats

(STRs)

Questions
 1 Making connections ➜

a Construct a concept map for ‘DNA profi ling’ 
using any of the key words above. Add other 
terms as needed.

b Construct a second concept map for 
‘recombinant proteins’ using any of the chapter 
keywords.

 2 Demonstrating and communicating 
understanding ➜ E. coli cells carrying the foreign 
gene for human growth hormone are to be grown in 
mass culture in 50  000 litre fermenting tanks over 
2 days. Th e recombinant plasmid present in these 
E. coli cells is pUC18.
a Person A suggested that 0.5  gram of these 

bacteria would be suffi  cient to start this 
mass culture, but person B said ‘No way! You 
will need lots more’. Indicate with which person 
you agree and give a reason for your choice.

b Outline a procedure by which the E. coli bacteria 
with recombinant plasmids might be separated 
from bacteria not possessing recombinant 
plasmids.

c Th e culture fl uid in which the E. coli bacteria 
cells will grow provides the water, glucose, salts 
and nitrates required for their growth, but it will 
also support the growth of many other kinds of 
bacteria. Identify a possible measure that could 
be taken to prevent the growth of contaminating 
microbes.

 3 Considering possibilities ➜ Detection and 
amplifi cation of DNA has become much more 
sensitive so that DNA can now be isolated from just 
a small number of cells, estimated at 5 to 20 cells. 
Th is fact has given rise to the concept of ‘touch 
DNA’, that is DNA that may be recovered from skin 
cells left behind on any object that a person has 
touched or handled.
a Use the web to identify estimates of the numbers 

of skin cells that are lost daily from the skin of 
an adult. Any object that is a probable source 
of touch DNA at a crime scene, such as a door 
handle or a knife handle, or a glass would be 

swabbed with a sterile, DNA-free cotton swab 
(see fi gure 14.50).

b Suggest why the technician in this fi gure is 
gloved and masked.

c Suggest three other possible sources of touch 
DNA at a crime scene.

  Th e DNA profi le from touch DNA found on 
a door handle at a crime scene was found to 
match that of the next-door neighbour of the 
victim.

d Would this evidence alone justify the immediate 
arrest of that neighbour for the crime 
concerned? Explain your answer.

figurE 14.50 Sterile, DNA-free cotton swab being 
used to swab the rim of a wine glass, which is a 
possible source of touch DNA.

 4 Applying principles in a new situation ➜ A 
phenomenon termed secondary transfer of DNA is 
known to occur. Secondary transfer is defi ned as the 
transfer of the DNA of one person to an object by a 
second person after skin-to-skin contact has been 
made, such as during a handshake between two 
individuals (see fi gure 14.51).
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figurE 14.51 Could this handshake transfer the DNA 
of the person on the right to the person on the left and/
or vice versa?

 Consider the following facts:
             i L.A. was charged with a murder because his 

DNA matched a sample of DNA obtained 
from the victim’s hands.

       ii L.A. does not have an identical sibling.
iii Hospital records proved that before 

the murder took place, L.A. was highly 
intoxicated and unconscious on the fl oor 
of a liquor store where he was treated 
by paramedics before being transported 
to the hospital. As a result, L.A. was 
released.

a Given that the DNA match was real, suggest 
two ways in which this situation might have 
occurred:
             i one way involving a secondary transfer of 

DNA
       ii some other explanation.

b Is a secondary transfer explanation more or less 
likely if you are told that the paramedics who 
treated L.A. in the liquor store were the fi rst 
emergency responders to the murder scene an 
hour or so later.

 5 Demonstrating knowledge and understanding ➜ 
Suppose that you are required to produce a 
recombinant protein.

   Some of the steps that you will perform are 
identifi ed as follows, but they are not in the correct 
order:

   Copy recombinant DNA, identify relevant gene, 
screen transformed cells, transfer recombinant 
DNA into host cells, construct recombinant DNA 
vector.
a List these steps in the appropriate order.
b For each step, briefl y describe its outcome.

 6 Evaluating the limitations of DNA identi� cation 
evidence ➜ Th roughout this chapter, reference was 
made to DNA identifi cation in the following terms:
             i ‘DNA samples recovered from the remains  .  .  .  

became part of the evidence that enabled their 
identifi cation  .  .  .’

       ii ‘  .  .  .  the mtDNA extracted from a skeleton  .  .  .  
assisted in confi rming that the skeleton was that 
of Richard III.’

iii ‘.  .  .  the fi rst time that the genetic evidence 
of DNA fi ngerprinting was used to assist in 
convicting a murder suspect.’ 

Review these statements and try to identify a key 
point about the use of DNA identifi cation that is 
embedded in them.
 7 Evaluating the limitations of DNA identi� cation 

evidence ➜ Consider the following information: 
Daniel Fitzgerald was convicted of a murder after 
DNA evidence linked him to a didgeridoo found at 
a crime scene. Th ere was no other evidence linking 
this man to the crime.
a If you had been a member of the jury involved 

in this case, would you have agreed with the 
verdict? Give a reason for your decision.

  In 2013, Fitzgerald appealed against his 
conviction to the Court of Criminal Appeal, but 
this appeal was unsuccessful. However, he was 
given leave to appeal to the High Court. In 2014, 
this appeal went forward.

b If you were one of the High Court judges hearing 
this appeal, would you uphold the appeal 
against the conviction or reject the appeal?

  Th e High Court judges ruled that the recovery 
of the appellant’s DNA from the didgeridoo did 
not raise any inference about the time when or 
circumstances in which the DNA was deposited 
there.

c Suggest two possible ways in which Fitzgerald’s 
DNA might have been transferred to the 
didgeridoo.

  Th e High Court upheld the appeal, 
overturning the conviction on the grounds that 
the DNA evidence was not suffi  cient to prove 
guilt because the means by which the DNA was 
transferred to the didgeridoo was not known. 
Th e key issue is that no other evidence existed 
that linked the convicted man to the crime.

 8 Discussion question ➜ In 1997, the author of a 
paper in the Journal of Pediatrics included the 
following comments about the use of cadaver-
derived human growth hormone (hGH) in the 
United States:
 ‘Patients  .  .  .  were subjects in clinical studies for 

part of the fi rst year of treatment, after which the 
limited availability of GH dictated treatment for 
only part of the year and caps on fi nal heights. 
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By 1984 treatment was year round and the height 
caps largely unenforced. In the last year of its 
distribution GH was used in 2450 patients in 
the United States.  .  .  .  And then, in 1985, came 
Creutzfeldt-Jakob disease. While the not-so-good 
old days are gone and need not be lamented, 
there remains virtue in a conservative therapeutic 
philosophy. If anything can be learned from the use 
of pituitary GH in children, it is a healthy respect 
for the law of unintended consequences’.

 Review the growth hormone story on page 646 
and consider the above statement.

 Discuss the following:
a The availability of cadaver-derived hGH until 

1984 was limited. How did this impact the 
treatment of patients?

b How did treatment of patients change from 
1984 when the supplies of hGH became more 
plentiful?

c What is meant by ‘a conservative therapeutic 
philosophy’?

d The author states that the lesson to be learned 
from the GH story is ‘a healthy respect for the 
law of unintended consequences’. What does the 
author mean? Do you agree?

   Some people obtain injectable hGH through 
internet pharmacies and other websites and use it 
in the hope of improving their athletic performance. 
However, at present, the effect of hGH on athletic 
performance is unknown. Some people purchase 
sprays and pills containing hGH in the hope of 
slowing or stopping age-related processes in the 
body. These claims are also unproven.

e Do you consider these to be harmless  
practices?

f Given that hGH is a protein comprising a chain 
of 191 amino acids, what is the expected effect 
on GH if ingested by mouth?
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