3.8 The control of gene expression
3.8.1 Alteration of the sequence of bases in DNA can alter
the structure of proteins
Content
•
•

•

Gene mutations might arise during DNA replication. They include addition, deletion,
substitution, inversion, duplication and translocation of bases.
Gene mutations occur spontaneously. The mutation rate is increased by mutagenic
agents. Mutations can result in a different amino acid sequence in the encoded
polypeptide.
o Some gene mutations change only one triplet code. Due to the degenerate
nature of the genetic code, not all such mutations result in a change to the
encoded amino acid.
o Some gene mutations change the nature of all base triplets downstream from
the mutation, ie result in a frame shift.
Students should be able to relate the nature of a gene mutation to its effect on the
encoded polypeptide.

Gene mutations arise during DNA replication, occurring spontaneously. Although there are
mutagenic agents that can increase the rate of mutation. The final result of mutations can
result in a different primary structure (amino acid sequence) in the encoded polypeptide, thus
can result in non functional enzymes. Although since the genetic code is degenerate, and
gene mutations sometimes change only one triplet code, not all mutations will result in a
change in the encoded amino acid. On the other hand, some mutations will cause a change of
the nature of all base triplets downstream from the mutation, called a frame shift. The
different types of mutation include addition, deletion, substitution, inversion, duplication and
translocation of bases.
Substitution of bases is where a nucleotide in a section of DNA molecule is replaced by
another nucleotide containing a different base. This has three main impacts:
•

•

•

A stop codon could be encoded, which would halt the production of the polypeptide
coded for by that section of DNA. The final protein would then almost always be
significantly different, so the protein could not perform its original function.
A different amino acid could be coded for, so the primary structure would be different
and so the structure of the encoded polypeptide would differ by one amino acid. This
may cause changes to bonding, so the protein encoded for may not work properly. If it
were an enzyme, it may cause a change in its active site and so its active site may no
longer be complementary to the substrate.
Due to the degenerate code, the same amino acid may be encoded. Thus the mutation
would have no effect on the polypeptide produced.

Addition of bases is where an extra base becomes inserted in the sequence. This causes a
frame shift, so has similar effects to deletion. The frame shift is to the right however, unlike
to the left in deletion. Although if three extra bases are added, or any multiple of three then
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there will not be a frame shift. The polypeptide produced will be different from the one
produced from a non-mutant gene, but not to the same extent as if there was a frame shift.
Deletion of bases cause a frame shift to the left, so the gene is read in different triplet groups
and the coded information is altered. This means that the amino acids encoded will most
likely be different, leading to a non-functional protein which could alter a phenotype.
Deletions at the beginning of the gene can be detrimental, whereas deletions at the end of the
gene may not have such a drastic impact.
Inversion of bases is where a group of bases become separated from the DNA sequence and
rejoin at the same position but in the inverse order. The base sequence is therefore reversed,
so can impact the resulting amino acid sequence.
Duplication of bases is where one or more bases is repeated. This produces a frame shift to
the right.
Translocation of bases occurs where a group of bases become separated from the DNA
sequence on one chromosome and becomes inserted into the DNA sequence of a different
chromosome. Translocations often have significant effects on gene expression leading to an
abnormal phenotype. These effects include the development of certain forms of cancer and
also reduced fertility.
Gene mutations can arise spontaneously during DNA replication. Spontaneous mutations are
permanent changes in the DNA that occur without any outside influence. Mutations however,
do occur with predictable frequency, usually around one or two mutations per 100,000 genes
per generation. This basic mutation rate can be increased by outside factors known as
mutagenic agents.
•

•

High energy ionising radiation, for example, alpha and beta particles as well as short
wavelength radiation such as X-rays and UV light. These can all disrupt the structure
of DNA
Chemicals such as nitrogen dioxide may directly alter the structure of DNA or
interfere with transcription. Benzopyrene, a constituent of tobacco smoke, is a
powerful mutagen that inactivates a tumour-suppressor gene TP53 leading to cancer.

Mutations do produce genetic diversity necessary for natural selection and speciation, but can
also harm an organism leaving it less suited to its environment. Additionally, mutations that
occur in body cells rather than in gametes lead to disruption of normal cellular activities, such
as cell division.
EXTENSION
UV radiation from the sun or tanning lamps affects thymine in DNA, causing it to form
bonds with the nucleotides on either side of it. This disrupts DNA replication.
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AQA June 2013 Unit 5 Q1b
Question:
What is a codon?
Answer:
1. Triplet/three bases on mRNA;
2. That code for an amino acid

AQA June 2013 Q8b
Question:
The DNA probe the geneticist used was for an exon in the DNA, not an intron. Explain why.
Answer:
1.
2.
3.
4.
5.

Introns not translated/not in mRNA;
(Exons) code for amino acids/introns do not code for amino acids;
Mutations of these (exons) affect amino acid sequences;
(That produce) faulty protein/change tertiary structure of protein;
So important to know if parents’ exons affected, rather than any other part of
DNA/introns;
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3.8.2 Gene expression is controlled by a number of
features
3.8.2.1 Most of a cell’s DNA is not translated
Content
•
•
•
•

•

Totipotent cells can divide and produce any type of body cell.
During development, totipotent cells translate only part of their DNA, resulting in
cell specialisation.
Totipotent cells occur only for a limited time in early mammalian embryos.
Pluripotent cells are found in embryos; multipotent and unipotent cells are found in
mature mammals and can divide to form a limited number of different cell types.
o Pluripotent stem cells can divide in unlimited numbers and can be used in
treating human disorders.
o Unipotent cells, exemplified by the formation of cardiomyocytes.
o Induced pluripotent stem cells (iPS cells) can be produced from adult somatic
cells using appropriate protein transcription factors.
Students should be able to evaluate the use of stem cells in treating human disorders.

Opportunities for Skills Development
•

Students could produce tissue cultures of explants of cauliflower (Brassica oleracea).

In multicellular organisms, no one cell can provide the best conditions for all functions. It is
for this reason that cells are all adapted in different ways to best suit their particular role. All
cells rise from mitotic division of the fertilised egg (zygote), and so they all contain the same
genes. Therefore, each cell has the ability to make everything that the body requires.
However, not all genes are always expressed in cells, although some genes for things like
enzymes involved in respiration are always expressed within cells. Some genes are then
always ‘switched off’, and some can be switched on and off as and when they are required.
In the cells of mature mammals, most lose the ability to develop into other cells, and this
specialisation is pretty much irreversible. Stem cells however, are undifferentiated dividing
cells that occur in adult tissues, and need to be constantly replaced. They can replicate into an
identical copy of themselves in a process called self-renewal. There are various places stem
cells originate from:
•
•
•
•

Embryonic stem cells clearly come from embryos and can differentiate into any type
of cell, but only in the early stages of development.
Umbilical cord blood stem cells which come from the umbilical cord blood, and are
similar to adult stem cells.
Placental stem cells can develop into specific types of cells.
Adult stem cells, found in the body tissues of the fetus and through to adults. They are
specific to particular tissues or organs within which they remain, so tissues can be
constantly repaired throughout a person’s life.

Stem cells come in many forms, they can be:
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•

•
•

•

Totipotent: found in the early embryo, holding the ability to differentiate into any
type of cell.
o Zygotes are therefore totipotent, as all body cells are formed from a zygote.
Then, as the zygote matures, its cells develop into more specialised cells
called pluripotent cells.
Pluripotent: found in embryos, can differentiate into almost any type of cell.
o Examples are embryonic stem cells and fetal stem cells.
Multipotent: found in mature adults and can differentiate into a limited number of
different types of specialised cells. Examples are adult stem cells and umbilical cord
blood stem cells. They usually develop into cells of a particular type
o i.e. stem cells in bone marrow can produce any type of blood cell.
Unipotent: found and made in mature adult tissue, but can only differentiate into a
single type of cell. They follow the order and are derived from multipotent stem cells.
o Cardiomyocytes are muscle cells making up the cardiac muscles, and are also
an example of unipotent cells.

Totipotent cells are cells that can divide and produce any type of body cell. They only occur
for a very limited time in early mammalian embryos. For example, fertilised eggs can mature
into any body cell, so they are described as totipotent. These cells then become specialised
for their specific function i.e. muscle cells in contraction. The meaning of only certain genes
being expressed is that only part of the DNA of a cell is translated into proteins, so the cell
only makes those proteins required for its specialised function. To conserve energy and
resources, cells have controlling factors that ensure unnecessary genes for those proteins are
not expressed. This is done by preventing transcription (preventing mRNA from being
produced) and preventing translation.
Pluripotent stem cells can divide in unlimited numbers and can be used in treating human
disorders. They can be used to regrow tissues that have been damaged in some way. For
example, the table below outlines some of the types of cells that could be used to treat
various diseases.

Induced pluripotent stem cells (iPS cells) can be produced from adult somatic cells (any cell
of a living organism other than the reproductive cells), using appropriate protein transcription
factors. These are types of pluripotent cells produced from unipotent stem cells, but these
unipotent cells may be almost any body cell. These body cells are then genetically altered in a
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laboratory so that they acquire the characteristics of embryonic stem cells (a type of
pluripotent cell). To make the unipotent cell acquire the new characters involves inducing
genes and transcriptional factors within the cell to express themselves. Since these genes are
capable of being reactivated, it shows that adult cells retain the same genetic information that
was present in the embryo.
The iPS cells are similar to embryonic stem cells in form and function, but are not exact
duplicates. They are however, capable of self-renewal, so can theoretically divide infinitely.
They could then replace embryonic stem cells in medical research and treatment, to
overcome many of the ethical issues surrounding use of embryos in stem cell research.
The use of stem cells in treating human disorders does present ethical issues when embryonic
stem cells are involved. The issue surrounds whether human embryos less than 14 days old
should be afforded in the same respect as a fetus or an adult person. Some people feel that
using embryos in this way undermines respect for human life, and could lead us to then using
fetuses or even newborn babies for research and development. People feel it a step further to
cloning, and information gained could be used in other areas where it is not illegal. However,
some people say that an embryo at such an early stage is just a ball of identical,
undifferentiated cells that bear no resemblance to a human being. They also believe the laws
in the UK and elsewhere provide sufficient protection against cloning. Supporters of human
embryonic stem cell research say it is wrong to allow human suffering to continue, when
there is a possibility of putting a stop to it. Also, spare embryos produced in fertility
treatment would be destroyed anyway, so it makes sense to utilise them in research.
However, opponents to this research still maintain it is wrong to use humans, including
human embryos. Although stem cells can be found in bone marrow from adult humans, so as
long as the adult gives consent, this raises no ethical issues. However, these cells have more
restricted medical applications, but scientists still hope they can develop them in time, to
behave more like embryonic stem cells.
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AQA June 2014 Q7abc
Question:
CREB is a transcription factor in the mitochondria of neurones. What is a transcription
factor?
Answer:
1. (Protein/molecule) that moves from cytoplasm to DNA;
2. (TF) binds to specific gene/genes/ to specific part of/site on DNA/ binds to
promoter/RNA polymerase;
3. Leads to/blocks (pre)mRNA production / allows/blocks binding of RNA polymerase
(to DNA)/allows RNA polymerase to work
Question:
CREB leads to the formation of a protein that removes electrons and protons from reduced
NAD in the mitochondrion.
Huntington’s disease (HD) causes the death of neurones. People with HD produce a
substance called huntingtin. Some scientists have suggested that binding of huntingtin to
CREB may lead to the death of neurones.
‘Suggest how binding of huntingtin to CREB may lead to the death of neurones.’
Answer:
1. (Binding to CREB) prevents transcription/mRNA formation;
2. (Binding of huntingtin) prevents production/translation of protein (that removes
electrons/protons from NAD);
3. Fewer electrons to electron transport chain/electron transport chain slows/stops/
stops/slower oxidative phosphorylation;
4. Fewer protons for proton gradient;
5. Not enough ATP produced/energy supplied to keep cells alive / anaerobic respiration
not enough to keep cell alive;
Question:
CREB is a protein synthesised in the cytoplasm of neurones. Transport of CREB from the
cytoplasm into the matrix of a mitochondrion requires two carrier proteins.
Use your knowledge of the structure of a mitochondrion to explain why transport of CREB
requires two carrier proteins.
Answer:
1. CREB/protein is too large/is water soluble so cannot cross membrane/phospholipid
bilayer;
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2. Mitochondrion has two membranes/inner and outer membranes;
3. For each (different) membrane a (different) carrier required
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3.8.2 Gene expression is controlled by a number of
features
3.8.2.2 Regulation of transcription and translation
Content
•
•
•

•
•
•
•
•

In eukaryotes, transcription of target genes can be stimulated or inhibited when
specific transcriptional factors move from the cytoplasm into the nucleus. The role of
the steroid hormone, oestrogen, in initiating transcription.
Epigenetic control of gene expression in eukaryotes.
Epigenetics involves heritable changes in gene function, without changes to the base
sequence of DNA. These changes are caused by changes in the environment that
inhibit transcription by:
o Increased methylation of the DNA or
o Decreased acetylation of associated histones.
The relevance of epigenetics on the development and treatment of disease, especially
cancer.
In eukaryotes and some prokaryotes, translation of the mRNA produced from target
genes can be inhibited by RNA interference (RNAi).
Students should be able to:
Interpret data provided from investigations into gene expression
Evaluate appropriate data for the relative influences of genetic and environmental
factors on phenotype.

In eukaryotes, transcription of target genes can be stimulated or inhibited when specific
transcriptional factors move from the cytoplasm into the nucleus. The steroid hormone called
oestrogen plays a role in initiating transcription.
Oestrogen uses a different mechanism to the second messenger model that the hormone
adrenaline uses.
•
•
•
•
•
•

Before transcription begins, the genes are switched on by specific molecules that
move from the cytoplasm to the nucleus.
These molecules are called transcriptional factors, and each one has a site that binds
to a specific base sequence of the DNA in the nucleus.
Its binding causes this region of DNA to begin the process of transcription
mRNA is produced and the information it carries is then translated into a polypeptide
When a gene is not being expressed, the site on the transcriptional factor that binds to
the DNA is not active
As the site on the transcriptional factor binding to the DNA is inactive, it cannot cause
transcription and polypeptide synthesis.

Hormones like oestrogen can switch on a gene and thus start transcription by combining with
a receptor site on the transcriptional factor. This activates the DNA binding site by causing it
to change shape. This process operates as follows:
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•
•
•
•
•

Oestrogen is a lipid-soluble molecule so diffuses through the phospholipid bilayer
regions of the cell-surface membrane
Once inside the cytoplasm of a cell, oestrogen binds with a site on a receptor
molecule on the transcriptional factor. The shape of this site is complementary to that
of the oestrogen
By binding with this site, the oestrogen changes the shape of the DNA binding site on
the transcriptional factor, so it can now bind to the DNA
The transcriptional factor can now enter the nucleus through a nuclear pore and bind
to specific base sequences on the DNA
The combination of the transcriptional factor with DNA stimulates transcription of the
gene that makes up the portion of DNA.
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It is accepted that genes determine the features of an organism, and the environment can
influence the expression of these genes ie the maximum height a human could grow to.
However, these changes in phenotype were not thought to be inherited by the offspring, but it
is believed now that these changes can cause heritable changes in gene function without
changing the base sequence of DNA. This process is called epigenetics, concerning the
control of gene expression.
This field is also making scientists look back at theories of evolution that were discounted.
For example, Lamarckism, which states characteristics acquired during an organism’s life
could be passed on to future generations.
DNA is wrapped around proteins called histones, and the DNA and histones are covered in
chemicals sometimes called tags. These chemical tags form a second layer known as the
epigenome, and this epigenome determines the shape of the DNA-histone complex. For
example, it will keep genes that are inactive in a tightly packed arrangement and so ensures
that they cannot be read. This is called epigenetic silencing. The opposite to this unwraps
active genes so that the DNA is exposed and can be easily transcribed.
The epigenome is flexible however the DNA code is fixed. This is because its chemical tags
respond to environmental changes, and factors like diet and stress can cause the chemical tags
to adjust the wrapping and unwrapping of the DNA thus switching them on and off.
The epigenome of a cell is the accumulation of the signals it has received during its lifetime
and so it acts as a cellular memory. In early development, the signals come from within the
cells of the fetus, also the nutrition provided by the mother is important in shaping the
epigenome at this stage. After birth, and throughout life, environmental factors affect the
epigenome, but also signals from the body (hormones like oestrogen) influence it too. These
factors cause the epigenome to activate or inhibit specific sets of genes.
The environmental signal stimulates proteins to carry its message inside the cell from where
it is passed by a series of other proteins into the nucleus. Here the message passes to a
specific protein which can be attached to a specific sequence of bases on the DNA. Once the
protein has attached it can have two effects, either:
•
•

Acetylation of histones leading to the activation or inhibition of a gene
Methylation of DNA by attracting enzymes that can add or remove methyl groups.

The DNA-histone complex is the combination of DNA and histones. Where the association
of histones with DNA is weak, the complex is less condensed (loosely packed). In this
condition the DNA is accessible to transcription factors which can initiate the production of
mRNA, ie switch the gene on. However, in places where this association is stronger, the
complex is more condensed (tightly packed). This condition means that the DNA is not
accessible by transcription factors, so the production of mRNA can not be initiated ie the
gene is turned off.
Therefore, condensation of the DNA-histone complex can inhibit transcription. This
condensation can be brought about by decreased acetylation of the histones or by methylation
of the DNA.
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Decreased acetylation of associated histones
Acetylation is the process whereby an acetyl group is transferred to a molecule. In this case,
the group donating the acetyl group is acetylcoenzyme A (same as in link reaction in
respiration) Deacetylation is the reverse reaction where an acetyl group is removed from a
molecule.
Decreased acetylation of histones increases the positive charges on histones and therefore
increases their attraction to the phosphate groups of DNA. The association between DNA
and histones is then stronger and the DNA is not accessible to transcription factors. These
factors cannot initiate mRNA production from DNA so the gene is switched off.
Increased methylation of DNA
Methylation is the addition of a methyl group (CH3) to a molecule. In this case, the methyl
group is added to the cytosine bases of DNA. Methylation usually inhibits the transcription of
genes in two ways:
•
•

Preventing the binding of transcriptional factors to the DNA
Attracting proteins that condense the DNA-histone complex (by inducing
deacetylation of the histones) making the DNA inaccessible to the transcription
factors.

AQA A Level Specimen Paper 2 (2014)
Question:
Explain how the methylation of tumour suppressor genes can lead to cancer.
Answer:
1. Methylation prevents transcription of gene;
2. Protein not produced that prevents cell division/ causes cell death/apoptosis;
3. No control of mitosis;
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Epigenetic inheritance does take place, as experiments on rats have shown that offspring
who received good care when young, respond better to stress in later life and themselves
nurture their offspring better. Female offspring receiving low-quality care, nurture their
offspring less well. Good maternal behaviour in rats transmits epigenetic information onto
their offspring’s DNA without passing through an egg or sperm.
In humans, when a mother has a condition called gestational diabetes, the fetus is exposed to
high concentrations of glucose. These high concentrations cause epigenetic changes in the
daughter’s DNA, increasing the likelihood that she will develop gestational diabetes herself.
It is thought that in sperm and eggs during the earliest stages of development a specialised
cellular mechanism searches the genome and erases its epigenetic tags in order to return the
cells to a genetic ‘clean slate’. But some tags do escape this process and pass unchanged from
parent to offspring.
Epigenetic changes can also be responsible for certain diseases. Altering any of the
epigenetic processes can cause abnormal activation or silencing of genes, and such alterations
have been associated with a number of diseases including cancer. In some cases, the
activation of a normally inactive gene can cause cancer, in other cases it is the inactivation of
a normally active gene that can give rise to the disease.
In 1983 researchers found that diseased tissue taken from patients with colorectal cancer had
less DNA methylation than normal tissue from the same patients. Increased DNA
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methylation usually inhibits transcription. This means patients with less DNA methylation
would have higher than normal gene activity ie more genes turned on.
It is known that there are specific sections of DNA that have no methylation in normal cells.
But in cancer cells these regions become highly methylated which causes genes that should
be active to switch off. This abnormality happens early in the development of cancer.
Epigenetic changes can increase the incidence of mutations. Some active genes normally help
repair DNA and so prevent cancers. In people with various types of inherited cancer, it is
found that increased methylation of these genes has led to protective genes being switched
off, so as a result damages base sequences in DNA are not repaired which can lead to cancer.
You can however, treat diseases with epigenetic therapy. Diseases like cancer can be
triggered by epigenetic changes that cause certain genes to be activated or silenced. It is
therefore logical to try and use epigenetic treatments to counteract these changes. These
treatments use drugs to try and inhibit certain enzymes involved in either histone acetylation
or DNA methylation. For example, drugs that inhibit enzymes that cause DNA methylation
can reactive genes that have been silenced. This therapy must be specifically targeted on
cancer cells because if the drugs were to affect normal cells they could activate gene
transcription and make them cancerous, so causing the very disorder they were trying to cure.
RNA interference also has an effect on gene expression. In eukaryotes and some
prokaryotes, the translation of mRNA produced by a gene can be inhibited by breaking down
mRNA before its coded information can be translated into a polypeptide. One type of small
RNA molecule that may be involved is small-interfering RNA (siRNA). The mechanism
involving small-double stranded sections of siRNA operates as follows:

RNA interference (RNAi) (inhibit translation of certain genes)
•
•
•
•
•
•

An enzyme cuts large double-stranded molecules of RNA into smaller sections called
small interfering RNA (siRNA)
One of the two siRNA strands combines with an enzyme
The siRNA molecule guides the enzyme to a messenger RNA molecule by pairing up
its bases with the complementary ones on a section of the mRNA molecule
Once in position, the enzyme cuts the mRNA into smaller sections
The mRNA is no longer capable of being translated into a polypeptide
The gene is not expressed so is blocked.
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The above diagram is taken from AQA June 2011 Unit 5

AQA A Level Specimen Paper 2 (2014)
Question:
Explain how the methylation of tumour suppressor genes can lead to cancer.
Answer:
1. Methylation prevents transcription of gene;
2. Protein not produced that prevents cell division/ causes cell death/apoptosis;
3. No control of mitosis;
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3.8.2.3 Gene expression and cancer
Content
•
•

•
•
•

The main characteristics of benign and malignant tumours.
The role of the following in the development of tumours:
o Tumour suppressor genes and oncogenes
o Abnormal methylation of tumour suppressor genes and oncogenes
o Increased oestrogen concentrations in the development of some breast cancers.
Students should be able to:
Evaluate evidence showing correlations between genetic and environmental factors
and various forms of cancer
Interpret information relating to the way in which an understanding of the roles of
oncogenes and tumour suppressor genes could be used in the prevention, treatment
and cure of cancer.

Cancer is a group of diseases caused by damage to the genes that regulate mitosis and the
cell cycle. This causes unrestrained growth of cells, and so as a consequence a group of
abnormal cells called a tumour develops and constantly expands in size.
Not all tumours are cancerous, malignant tumours are cancerous and benign are not.
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DNA analysis has shown that in general cancer cells are derived from a single mutant cell.
The initial mutation causes uncontrolled mitosis in this cell. Later, a further mutation in a
descendant cell leads to other changes that cause subsequent cells to be different from normal
in growth and appearance. The two main types of genes that play a role in cancer are tumour
suppressor genes and oncogenes.
Oncogenes are usually mutations of proto-oncogenes. These proto-oncogenes stimulate a
cell to divide when growth factors attach to a protein receptor on its cell-surface membrane.
This then activates genes that cause DNA to replicate and the cell to divide. If a protooncogene mutates into an oncogene it can become permanently activated for two reasons:
•
•

The receptor protein on the cell-surface membrane can be permanently activated, so
that cell division is switched on even in the absence of growth factors
The oncogene may code for a growth factor that is then produced in excessive
amounts, again stimulating excessive cell division.

The result is that cells divide too rapidly and out of control, and a tumour or cancer develops.
A few cancers are caused by inherited mutations of proto-oncogenes that cause the oncogene
to be activated but most cancer-causing mutations involving oncogenes are acquired, not
inherited.
Tumour suppressor genes are genes that slow down cell division, repair mistakes in DNA
and ‘tell’ cells when to die – a process called apoptosis (programmed cell death). They have
the opposite role from proto-oncogenes. A normal tumour suppressor gene will maintain
normal rates of cell division and so prevent further formation of tumours. If a tumour
suppressor gene becomes mutated it is inactivated (switched off) and so as a result it stops
inhibiting cell division and cells can grow out of control. The mutated cells that are formed
are usually structurally and functionally different from normal cells. Most of these cells die,
but those that survive can make clones of themselves and form tumours. Examples of tumour
suppressor genes are TP53, BRCA1 and BRCA2.
Some cancers are caused by inherited mutations of tumour suppressor genes but most are
acquired, not inherited. More than half of human cancers show abnormalities of the TP53
gene which codes for the p53 protein. An acquired mutation of the TP53 gene occurs in many
cancers, including lung and breast cancer. The p53 protein is involved in the process of
apoptosis (programmed cell death). This process is activated when a cell is unable to repair
DNA, so if the gene for p53 is not functioning properly, cells with damaged DNA continue to
divide leading to cancer.
An important difference between oncogenes and tumour suppressor genes is that while
oncogenes cause cancer as a result of the activation of proto-oncogenes, tumour suppressor
genes cause cancer when they are inactivated.
Abnormal methylation of tumour suppressor genes is a symptom of a variety of different
cancers. The most common abnormality is hypermethylation, and the process by which
hypermethylation may lead to cancer is as follows:
•
•

Hypermethylation occurs in a specific region (promoter region) of a tumour
suppressor gene
This leads to the tumour suppressor gene being inactivated
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•
•
•

As a result, the transcription of the promoter regions of tumour suppressor genes is
inhibited
The tumour suppressor gene is silenced (switched off)
As the tumour suppressor gene normally slows the rate of cell division, its
inactivation leads to increased cell division and the formation of a tumour.

Abnormal methylation of this type is thought to occur in a tumour suppressor gene known as
BRCA1 and leads to the development of breast cancer
Another form of abnormal methylation is hypomethylation (reduced methylation). This has
been found to occur in oncogenes where it leads to their activation and hence the formation
of tumours. The reduced methylation causes the oncogenes to be expressed, thus cells divide
out of control and form tumours.
Oestrogen plays a central role in regulating the menstrual cycle in women. It is known that
after the menopause, a woman’s risk of developing breast cancer increases. This is thought to
be due to increased oestrogen concentrations.
After menopause the production of oestrogen from the ovaries diminishes, but production
from the fat cells of breasts tend to produce more oestrogens after the menopause. These
locally produced oestrogens appear to trigger breast cancer. Once a tumour has developed, it
further increases oestrogen concentration which therefore leads to increased development of
the tumour. It also appears that WBCs that are drawn to the tumour increase oestrogen
production, leading to greater development of the tumour.
Oestrogen activates a gene to begin the process of transcription. If the gene that oestrogen
acts on is one that controls cell division and growth, then it will be activated and its continued
division could produce a tumour. It is known, for example, that oestrogen causes protooncogenes of cells in breast tissue to develop into oncogenes, so leading to the development
of a tumour.
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AQA June 2015 Q4c
Question:
For each student, the scientists also determined how much methylation was present within the
specific gene. DNA methylation is the attachment of substances called methyl groups to
cytosine or adenine. This prevents transcription.
Suggest how methylation of DNA can prevent expression of a gene.
Answer:
1.
2.
3.
4.
5.

Prevent binding of transcription factor;
Prevents RNA polymerase binding/working;
Prevents complementary/specific base-pairing;
(No transcription, so) no (pre)mRNA made;
No/less translation (of mRNA);
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AQA Human Biology Unit 2 (old spec) Q6
Question:
Give two ways in which a malignant tumour differs from a benign tumour.
Answer:
Malignant tumour (contrary to benign tumour) …
•
•
•
•

Metastises.
Is quick-growing;
Is not enclosed by a membrane;
Invades neighbouring tissues;
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3.8.3 Using genome projects
Content
•
•

•
•

Sequencing projects have read the genomes of a wide range of organisms, including
humans.
Determining the genome of simpler organisms allows the sequences of the proteins
that derive from the genetic code (the proteome) of the organism to be determined.
This may have many applications, including the identification of potential antigens
for use in vaccine production.
In more complex organisms, the presence of non-coding DNA and of regulatory
genes means that knowledge of the genome cannot easily be translated into the
proteome.
Sequencing methods are continuously updated and have become automated.

Sequencing projects aim to determine the DNA nucleotide base sequence, and have read the
genomes of a wide range of organisms, including humans. The human genome consists of
over 3 billion base pairs organised into around 20,000 genes. The use of bioinformatics
catalysed the process of obtaining this information, as it is the science of collecting and
analysing complex biological data such as genetic codes. It uses computers to read, store and
organise biological data at a much faster rate than before, also utilising algorithms to analyse
and interpret data.
In determining the genome of simpler organisms, it allows the sequences of the proteins that
derive from the genetic code (the proteome) of the organism to be determined. A definition of
the proteome is all of the proteins produced by the genome. But since not all genes are
switched on all the time to produce certain proteins, a more specific definition is all of the
proteins produced in a given type of cell, or organism, in a given time, under specified
conditions.
Determining the genome of more simple organisms like bacteria is hoped to give us more
information on curing disease, and provide information on genes that can be usefully
exploited. An example being genes from organisms that allow them to withstand extreme or
toxic environmental conditions, so have potential uses in cleaning up pollutants or in
manufacturing biofuels.
It is much easier to determine the proteome of prokaryotic organisms because:
•
•

Most prokaryotes have just one circular piece of DNA (plasmid), not associated with
histones.
There are no non-coding sections of DNA (introns) present in eukaryotic cells.

One of the main applications of determining the genome of simpler organisms is the
identification of potential proteins (antigens) for the use of vaccine production. Antigens can
be manufactured and then administered to people in appropriate doses, which will ultimately
cause the production of memory cells that can trigger a secondary response if the person
encountered the antigen again.

Marksphysicshelp

23

Determining the proteome in complex organisms is more difficult because of the presence of
non-coding DNA and regulatory genes. It makes it difficult to apply knowledge of the
genome to the proteome. It is thought that, in humans, less than 1.5% of genes may code for
proteins. Also, in humans, apart from identical twins, all DNA base sequences will map
differently. Although sequencing methods are continuously updated and have become
automated.
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3.8.4 Gene technologies allow the study and alteration of
gene function allowing a better understanding of organism
function and the design of new industrial and medical
processes
3.8.4.1 Recombinant DNA technology
Content
•

•

•
•
•

•

Recombinant DNA technology involves the transfer of fragments of DNA from one
organism, or species, to another. Since the genetic code is universal, as are
transcription and translation mechanisms, the transferred DNA can be translated
within cells of the recipient (transgenic) organism.
Fragments of DNA can be produced by several methods, including:
o Conversion of mRNA to complementary DNA (cDNA), using reverse
transcriptase
o Using restriction enzymes to cut a fragment containing the desired gene from
DNA
o Creating the gene in a ‘gene machine’.
Fragments of DNA can be amplified by in vitro and in vivo techniques.
The principles of the polymerase chain reaction (PCR) as an in vitro method to
amplify DNA fragments.
The culture of transformed host cells as an in vivo method to amplify DNA fragments.
o The addition of promoter and terminator regions to the fragments of
DNA.
o The use of restriction endonucleases and ligases to insert fragments of DNA
into vectors. Transformation of host cells using these vectors.
o The use of marker genes to detect genetically modified (GM) cells or
organisms. (Students will not be required to recall specific marker genes in a
written paper.)
Students should be able to:
o Interpret information relating to the use of recombinant DNA technology
o Evaluate the ethical, financial and social issues associated with the use and
ownership of recombinant DNA technology in agriculture, in industry and in
medicine
o Balance the humanitarian aspects of recombinant DNA technology with the
opposition from environmentalists and anti-globalisation activists
o Relate recombinant DNA technology to gene therapy.

Recombinant DNA technology involves the transfer of fragments of DNA from one
organism, or species to another. Since the genetic code is universal, and likewise are
transcription and translation mechanisms, the transferred DNA can be translated within cells
of the recipient genetically modified (transgenic) organism. The process of making a protein
using the DNA technology of gene transfer and cloning involves a number of stages:
1. Isolation of the DNA fragments that have the gene for the desired protein
2. Insertion of the DNA fragment into a vector
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3. Transformation, the transfer of DNA into suitable host cells
4. Identification of the host cells that have successfully taken up the gene by using gene
markers
5. Growth/cloning of the population of host cells.
Genes must first be identified and isolated from the rest of the DNA, which can be done by
several methods:
1. The conversion of mRNA to complementary DNA (cDNA), using reverse
transcriptase
2. Using restriction enzymes (endonucleases) to cut a fragment containing the desired
gene from DNA
3. Creating the gene in a ‘gene machine’
1. Retroviruses are a group of viruses including HIV, their coded genetic information
comes in the form of RNA. In host cells they can synthesise DNA from their RNA
using the enzyme reverse transcriptase. The process is shown below:
In the process, a cell that readily produces the protein is selected, like in the example
below where b cells have been used.
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2. Restriction enzymes and their use (endonucleases)
When a virus infects a bacteria cell, the virus may inject their DNA into them in order
to take control. In combat of this, the bacteria produce enzymes called restriction
endonucleases which can cut up the viral DNA. There are many types of these
endonucleases, each cutting at a specific sequence of bases known as a recognition
sequence.
There are two main types, one cuts leaving blunt ends, and one leaving staggered
ends. The blunt end cut occurs between two opposite base pairs, leaving two straight
edges known as blunt ends, but the staggered does not do this.
These enzymes cut at sites called palindromes, ie the opposite sequences on either
strand are the opposites of one another. The sequence is usually 6 base pairs.

3. The ‘gene machine’ can be used to manufacture genes in a lab as follows:
•

•
•
•

•
•

The desired sequence of nucleotide bases of a gene is determined from the
desired protein that we wish to produce. The amino acid sequence of this
protein is determined and from this, the mRNA codons are looked up and
complementary DNA triplets are worked out
The desired sequence of nucleotide bases for the gene is fed into a computer
The sequence is checked for biosafety and biosecurity to ensure it meets
international standards as well as various ethical requirements
The computer designs a series of small, overlapping single strands of
nucleotides, called oligonucleotides, which can be assembled into the desired
gene
In an automated process, each of the oligonucleotides is assembled by adding
one nucleotide at a time in the required sequence
The oligonucleotides are then joined together to make a gene, this gene
doesn’t have introns or other non-coding DNA, and the gene is replicated
using the polymerase chain reaction (PCR)

Marksphysicshelp

28

•

•

•

The PCR also constructs the complementary strand of nucleotides to make the
required double stranded gene. It then multiplied this gene many times to give
numerous copies
Using sticky ends, the gene can then be inserted into a bacterial plasmid. This
acts as a vector for the gene allowing it to be stored, cloned or transferred to
other organisms in the future
The genes are checked using standard sequencing techniques and those with
errors are rejected

This process is advantageous because it means that any sequence of nucleotides can be
produced very quickly, with great accuracy. A further advantage is that these artificial genes
are also free of introns, and other non coding DNA, so can be transcribed and translated by
prokaryotic cells.
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After cutting your DNA into fragments, you need to find the fragment which has the required
gene amongst all the rest. This is done using a DNA probe. Once the fragment with the gene
has been obtained, the next stage is to close in so that there is a sufficient quantity for medical
or commercial use. This can be done two ways
•
•

In vivo, by transferring the fragments to a host cell using a vector
In vitro, using the polymerase chain reaction.

In vivo gene cloning:
Before we consider how genes can be cloned within living organisms (in vivo cloning), we
need to look at the importance of the sticky ends left when DNA is cut by restriction
endonucleases.

The sequences of DNA that are cut by restriction endonucleases are called recognition sites,
and these recognition sites are always palindromes. If the recognition site is cut in a staggered
fashion, the cut ends of the DNA double strand are left with a single strand a few nucleotide
bases long.
If the same restriction endonuclease is used to cut DNA, then all the fragments produced will
have ends that are complementary to one another. This means that the single-stranded end of
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any one fragment can be stuck to the single-stranded end of any other fragment, essentially,
these ends are ‘sticky’. Once the complementary bases of two sticky ends have paired up, an
enzyme called DNA ligase is used to bind the phosphate-sugar framework of the two sections
of DNA and so unite them as one.
Sticky ends are very important, because provided the same restriction endonuclease is use,
we can combine the DNA of one organism with that of any other organism.
Preparing the DNA fragment for insertion is the next stage, it involves the addition of extra
lengths of DNA. For the transcription of any gene to take place, the enzyme that synthesises
mRNA (RNA polymerase) must attach to the DNA near a gene. The binding site for RNA
polymerase is a region of DNA, known as a promoter region. The nucleotide bases of the
promoter region attach both RNA polymerase and transcription factors, then begin the
process of transcription. If we want our DNA fragment to transcribe mRNA in order to make
a protein, it is essential that we attach to it the necessary promoter region to start the process.
In the same way as a region of DNA binds RNA polymerase and begins transcription of a
gene, another region releases RNA polymerase and ends transcription. This region of DNA is
called a terminator. Again, we need to add a terminator region to the other end of the DNA
fragment to stop transcription at an appropriate point.
Insertion of DNA fragments into a vector can happen once an appropriate fragment of DNA
has been cut from the rest of the DNA and the promotor and terminator regions added. The
next task is to join it into a carrying unit, known as a vector. This vector is used to transport
the DNA into the host cell. There are different types of vector but the most commonly used is
the plasmid. Plasmids are circular lengths of DNA, found in bacteria, which are separate from
the main bacterial DNA. Plasmids almost always contain genes for antibiotic resistance, and
restriction endonucleases are used at one of these antibiotic-resistance genes to break the
plasmid loop.
The restriction endonuclease used is the same as one that cut out the DNA fragment, ensuring
that the sticky ends of the opened-up plasmid are complementary to the sticky ends of the
DNA fragment. When the DNA fragments are mixed with the opened-up plasmids, they may
become incorporated into them. Where they are incorporated, the join is made permanent
using the enzyme DNA. These plasmids now have recombinant DNA.
Introduction of DNA into host cells is the next stage, these host cells are bacterial cells.
This process is called transformation, and involves the plasmids and bacterial cells being
mixed together in a medium containing calcium ions. The calcium ions, and changes in
temperature, make the bacterial membrane permeable, allowing the plasmids to pass through
the cell-surface membrane into the cytoplasm. However, not all the bacterial cells will
possess the DNA fragments with the desired gene for the desired protein. Some reasons for
this are:
•
•
•

Only a few bacterial cells take up the plasmids when the two are mixed together
Some plasmids have closed up again without incorporating the DNA fragment
Sometimes the DNA fragment ends join together to form its own plasmid
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The first task is to identify which bacterial cells have taken up the plasmid. One way to do
this is to use the fact that bacteria have evolved mechanisms for resisting the effects of
antibiotics, typically by producing an enzyme that breaks down the antibiotic before it can
destroy the bacterium. The genes for the production of these enzymes are found in the
plasmids.
Some plasmids carry genes for resistance to more than one antibiotic. One example is the Rplasmid, which carries genes for resistance to two antibiotics, ampicillin and tetracycline.
The task of finding out which bacterial cells have taken up the plasmids entails using the
gene for antibiotic resistance, which is unaffected by the introduction of the new gene. The
process works as follows:
•
•
•
•

All the bacterial cells are grown on a medium that contains the antibiotic ampicillin
Bacterial cells that have taken up the plasmids will have acquired the gene for
ampicillin resistance
These bacterial cells are able to break down the ampicillin and therefore survive
The bacterial cells that have not taken up the plasmids will not be resistant to
ampicillin and therefore die.

This is an effective method of showing which of the bacterial cells have taken up the
plasmids. However, some cells will have taken up the plasmids and then closed up without
incorporating the new gene, and these will also have survived. The next task is to identify the
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cells without the new gene and eliminate them. This is achieves using marker genes. Gene
transfer and cloning are summarised in the picture below.
Marker genes can be used in a number of ways to identify whether a gene has been taken up
by bacterial cells. They all involve using a second, separate gene on the plasmid. This second
gene is identified easily for the reasons given below:
1. It may be resistant to an antibiotic
2. It may make a fluorescent protein that is easily seen
3. It may produce an enzyme whose action can be identified

1. Antibiotic-resistance marker genes: To identify those cells with plasmids that have
taken up the new gene we use a technique called replica plating. This process uses the
other antibiotic-resistance genes in the plasmid: the gene that was cut in order to
incorporate the required gene. In the picture below, the gene cut out was tetracycline. As
this gene has been cut, it will no longer produce the enzyme that breaks down
tetracycline. Therefore, the bacteria that have taken up the required gene will no longer be
resistant to tetracycline, so these bacteria can be identified by growing them on a culture
containing tetracycline. This however, does destroy the very cell that contains the
required gene, but by using this technique it is possible to identify living colonies of
bacteria containing the required gene
2. Fluorescent markers: Plasmids are cut using restriction endonucleases in the middle of
the GFP gene, which means that the fluorescence has gone. The gene being cloned is
placed in the middle of this GPF gene, so because this gene is split into two, and the
insulin gene has been placed in the middle it isn’t able to fluoresce. This means that
bacteria that do fluoresce have plasmids that have not taken up the gene, so these can be
easily identified under microscopes to retain those that do not fluoresce.
3. Enzyme markers: Another gene marker is the gene that produces the enzyme lactase.
Lactase will turn a particular colourless substrate blue. Again, the required gene is
transplanted into the gene that makes lactase. If a plasmid with the required gene is
present in a bacterial cell, the colonies grown from it will not produce lactase. Therefore,
when these bacterial cells are grown on the colourless substrate they will be unable to
change its colour. Although where the gene has not been taken up by the bacteria, they
will not turn the substrate blue. These bacteria can be discounted.
The diagram below gives a brief explanation of the use of marker genes from an
explanation given in the AQA A Level Specimen 2 (2014) paper.
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Silkworms secrete silk fibres, which are harvested and used to manufacture silk fabric.
Scientists have produced genetically modified (GM) silkworms that contain a gene from a
spider.
The GM silkworms secrete fibres made of spider web protein (spider silk), which is stronger
than normal silk fibre protein.
The method the scientists used is shown in Figure 5.

Marksphysicshelp

34

The different stages of in vivo cloning are given below.
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In vitro gene cloning – the polymerase chain reaction is responsible for this. The PCR is a
method of copying fragments of DNA. The process is automated, making it rapid and
efficient. It requires the following:
•
•

•
•
•

The DNA fragment to be copied
DNA polymerase – a ‘taq polymerase’ is obtained from bacteria in hot springs and is
therefore tolerant to heat (thermostable) and does not denature during the high
temperatures used in the process
Primers – a short sequence of nucleotides that have a set of bases complementary to
those at one end of each of the two DNA fragments
Nucleotides – containing the base of DNA
Thermocycler – a computer-controlled machine that varies temperatures precisely
over a period of time.

The PCR is carried out in three stages:
•

•

•

Separation of the DNA strand – the DNA fragments, primers and DNA polymerase
are placed in a vessel in the thermocycler. The temperature is increased to 95°C,
causing the two strands of the DNA to separate as the hydrogen bonds break between
the DNA strands.
Addition (annealing) of the primers – the mixture is cooled to 55°C, causing the
primers to join (anneal) to their complementary bases at the end of the DNA
fragment. The primers provide the starting sequences for DNA polymerase to begin
DNA copying because DNA polymerase can only attach nucleotides to the end of an
existing chain. Primers also prevent the two separate strands from simply rejoining
Synthesis of DNA – temperature is increased to 72°C. This is the optimum
temperature for the DNA polymerase to add complementary nucleotides along each of
the separated DNA strands. It begins at the primer on both strands and adds the
nucleotides in sequence until it reaches the end of the chain

Since both separated strands are copied simultaneously there are now two copies of the
original fragment. Once the two DNA strands are completed, the process is repeated by
subjecting them to the temperature cycle again, resulting in four strands. Over a million
copies of DNA can be made in only 25 temperature cycles. The PCR has revolutionised
aspects of science as in forensic investigation.
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Advantages of in vitro gene cloning are:
•

•

It is very fast as within hours a 100 billion copies of a gene can be made. This is
particularly valuable where only a small amount of DNA is available ie a crime scene.
Although PCR will also increase any other contaminating DNA in the sample. In vivo
cloning would take days/weeks to produce the same quantity of DNA
It does not require living cells, all that is required is a base sequence of DNA that
needs amplification. No complex culturing techniques, requiring time and effort, are
needed

Advantages of in vivo gene cloning are:
•

•

•

It is particularly useful where we wish to introduce a gene into another organism. As
it involves the use of vectors, once we have introduced the gene into a plasmid, this
plasmid can be used to deliver the gene into another organism, such as a human being.
This is done in a technique called gene therapy.
It involves no risk of contamination. This is because a gene that has been cut by the
same restriction endonuclease can match the sticky ends of the opened-up plasmid.
Contaminant DNA will therefore not be taken up by the plasmid. In vitro cloning
requires a very pure sample because any contaminant DNA will also be multiplied
and could lead to a false result
It is very accurate because the DNA copied has few, if any, errors. At one time, about
20% of the DNA cloned in vitro by the PCR was copied inaccurately, but modern
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•

•

techniques have improved the accuracy of the process considerably. However, any
errors in copying DNA or contaminants in the sample will also be copied in
subsequent cycles. This problem hardly ever arises with in vivo cloning because,
although mutations can arise, they are very rare
It cuts out specific genes and is therefore a very precise procedure as the culturing of
transformed bacteria produces many copies of a specific gene and not just copies of
the whole DNA sample
It produces transformed bacteria that can be used to produce large quantities of gene
products, the transformed bacteria can produce proteins for commercial or medical
use.
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Source: Kerboodle Biology A-Level Textbook
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3.8.4.2 Differences in DNA between individuals of the same species can be exploited
for identification and diagnosis of heritable conditions
Content
•

The use of labelled DNA probes and DNA hybridisation to locate specific alleles of
genes.

•

The use of labelled DNA probes that can be used to screen patients

•
•

The use of this information in genetic counselling and personalised medicine.
Students should be able to evaluate information relating to screening individuals for
genetically determined conditions and drug responses.

for
heritable conditions, drug responses or health risks.

Many human diseases are often the result of genetics from a gene mutation. Recombinant
DNA technology has enabled us to diagnose and treat many of these genetic disorders.
However, to do this we must know exactly where a particular DNA sequence (gene) is
located. To achieve this, we use labelled DNA probes and DNA hybridisation.
DNA probes – A DNA probe is a short, single-stranded length of DNA that has some sort of
label attached that makes it easily identifiable. The two most commonly used probes are:
•
•

Radioactively labelled probes – these are identified using an X-ray film that is
exposed by radioactivity
Fluorescently labelled probes – these fluoresce under certain conditions, for instance
when the probe has bound to the target DNA sequence

DNA probes are used to identify particular alleles of genes in the following way:
•
•
•
•

A DNA probe is made that has base sequences that are complementary to part of the
base sequence of the DNA that makes up the allele of the gene that we want to find
The double-stranded DNA that is being tested is treated to separate its two strands
The separated DNA strands are mixed with the probe, which binds to the
complementary base sequence on one of the strands. This is known as DNA
hybridisation
The site at which the probe binds can be identified by the radioactivity or
fluorescence that the probe emits.

Before we can make a specific probe we need to know the base sequence in the particular
allele that we are trying to locate. A number of different methods are used to sequence the
exact order of bases in a length of DNA.
DNA hybridisation
This takes place when a section of DNA or RNA is combined with a single-stranded section
of DNA which has complementary bases. Before hybridisation can take place, the two
strands of the DNA molecule must be separated. This is achieved by heating DNA until its
double strand separates into its two complementary single strands (denaturation). When
cooled, the complementary bases on each strand recombine (anneal) with each other to
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reform the original double strand. Given sufficient time, all strands in a mixture of DNA will
pair up with their partners. If, however, other complementary sections of DNA are present in
the mixture as the DNA cools, these are just as likely to anneal with one of the separated
DNA strands as the two strands are with one another.
Locating specific alleles of genes is done using DNA probes and DNA hybridisation. For
example, we may wish to determine whether someone possesses a mutant allele that causes a
particular genetic disorder. This process is as follows:
•

•
•
•
•
•
•
•
•
•

First to determine the sequence of nucleotide bases of the mutant allele we are trying
to locate. This can be achieved by using DNA sequencing techniques. We now have
extensive genetic libraries that store the base sequences of most genetic diseases and
so we can refer to these
A fragment of DNA is produced that has a sequence of bases that are complementary
to the mutant allele we are trying to locate
Multiple copies of our DNA probe are formed using PCR
A DNA probe is made by attaching a marker, ie a fluorescent dye, to the DNA
fragment
DNA from the person suspected of having the mutant allele we want to locate is
heated to separate its two strands
The separated strands are cooled in a mixture containing many of our DNA probes
If the DNA contains the mutant allele, one of our probes is likely to bind to it because
the probe has base sequences that are exactly complementary to those on the mutant
allele
The DNA is washed clean of any unattached probes
The remaining hybridised DNA will now be fluorescently labelled with the dye
attached to the probe
The dye is detected by shining light onto the fragments causing the dye to fluoresce,
which can be seen using an optical microscope.

Genetic screening
Many genetic disorders, like sickle-cell anaemia, are the result of gene mutations. Gene
mutations may arise if one or more nucleotide bases in DNA are changed. If a person is a
carrier of the disorder, they have the ability of passing this disorder on to the next generation.
Screening can determine the probabilities of a couple having offspring with a genetic
disorder.
It is possible to fix hundreds of different DNA probes in a display on a glass slide. By adding
a sample of DNA to the array, any complementary DNA sequences in the donor DNA will
bind to one or more probes. In this way, it is possible to test simultaneously for many
different genetic disorders by detecting fluorescence that occurs where binding has taken
place.
Genetic screening can be valuable in identifying oncogenes, which are responsible for cancer.
Cancers may develop as a result of mutations that prevent tumour suppressor genes inhibiting
cell division. Mutations of both alleles must be present to inactivate the tumour suppressor
genes and to initiate the development of a tumour. Some people inherit one mutated tumour
suppressor gene, and these people are at a greater risk of cancer.
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If a mutated gene is detected by genetic screening, individuals who are at a greater risk of
cancer can can then adapt their lifestyle ie stop smoking to prevent any further risks.
Another advantage of genetic screening is personalised medicine. It allows doctors to
provide advice and health care based on an individual’s genotype. Some people’s genes can
mean that a particular drug may be either more or less effective in treating a condition. By
genetically screening patients, doctors and pharmacists can determine, more exactly, the dose
of a drug which will produce the desired outcome. This saves money that would otherwise be
wasted on over prescription.
An example is in prescribing painkillers, as to function effectively many pain medications
need a specific enzyme to activate them. About half the population have genes that alter the
function of this enzyme. Screening for the presence of these genes allows the dosage to be
adjusted to compensate for the ways in which the genes affect an individual’s metabolism of
the painkiller. This ensures that their use is both safe and effective.
Another example involved vitamin E. It has been shown that among people who have
diabetes, vitamin E reduces the risk of cardiovascular disease for those certain genotypes, but
it can increase the risk for those with a different genotype. It is clearly advantageous to screen
a person who has diabetes before advising on whether or not to take vitamin E supplements.
Genetic screening goes hand in hand with genetic counselling. The expert advice provided by
a counsellor helps individuals to understand the results and implications of the screening and
so make appropriate decision.
Genetic counselling – This like a special form of social work, where advice and information
are given that enable people to make personal decisions about themselves to their offspring.
One important aspect of genetic counselling is to research family history of an inherited
disease and to advise parents on the likelihood of it arising in their children.
Counsellers can inform couples of the effects of the disorder and its emotional,
psychological, medical, social and economic consequences. On the basis of this advice the
couple can then choose whether or not to have children. Counselling can also make them
aware of any further medical tests that might give a clearer indication of whether their
children will have the condition, for example IVF with screening of embryos.
Genetic counselling is closely linked to genetic screening and the screening results provide
the genetic counseller with a basis for informed discussion. For example, in the cases of
cancer, screening can help in detecting:
•
•

•

Oncogene mutations, which can determine the type of cancer that the patient has and
hence the most effective drug and radiotherapy to use
Gene changes that predict which patients are more likely to benefit from certain
treatments and have the best chance of survival. For example, the drug herceptin is
most effective at treating certain types of breast cancer.
A single cancer cell among millions of normal cells, thus identifying patients at risk
of relapse from certain forms of leukaemia.
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AQA June 2014 Unit 5 Q8
Question:
Scientists wanted to measure how much mRNA was transcribed from allele A of a gene in a
sample of cells. This gene exists in two forms, A and a.
The scientists isolated mRNA from the cells. They added an enzyme to mRNA to produce
cDNA.
Name the type of enzyme used to produce the cDNA.
Answer:
Reverse transcriptase
Question:
The scientists used the polymerase chain reaction (PCR) to produce copies of the cDNA.
They added a DNA probe for allele A to the cDNA copies. This DNA probe had a dye
attached to it. This dye glows with a green light only when the DNA probe is attached to its
target cDNA.
Explain why this DNA probe will only detect allele A
Answer:
1. Probe (base sequence) complementary (to DNA of allele A/where A is);
2. (Probe) binds by forming base pairs/hydrogen bonds;
3. So (only) this DNA labelled/has green dye/gives out (green) light;
Question:
The scientists used this method with cells from two people, H and G.
One person was homozygous, AA, and the other was heterozygous, Aa.
The scientists used the PCR and the DNA probe specific for allele A on the cDNA from both
people.
Figure 6 shows the scientists’ results.
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Explain the curve for person H.
Answer:
1. More probe binding/more cDNA/mRNA/more allele/gene A means more light;
2. DNA (with A) doubles each (PCR) cycle;
3. So light (approximately) doubles/curve steepens more and more (each cycle) /curve
goes up exponentially/ increases even faster;
Question:
Which person, H or G, was heterozygous, Aa? Explain your answer.
Answer:
(G because)
1. (Heterozygous) only has half the amount of probe for A attaching / only half the
amount of DNA/allele A (to bind to);
2. (So,) only produced (about) half the light/glow/intensity (of H) (per cycle of PCR);
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3.8.4.3 Genetic fingerprinting
Content
•
•
•
•

An organism’s genome contains many variable number tandem repeats (VNTRs). The
probability of two individuals having the same VNTRs is very low.
The technique of genetic fingerprinting in analysing DNA fragments that have been
cloned by PCR, and its use in determining genetic relationships and in determining
the genetic variability within a population.
The use of genetic fingerprinting in the fields of forensic science, medical diagnosis,
animal and plant breeding.
Students should be able to:
o Explain the biological principles that underpin genetic fingerprinting
techniques
o Interpret data showing the results of gel electrophoresis to separate DNA
fragments
o Explain why scientists might use genetic fingerprinting in the fields of
forensic science, medical diagnosis, animal and plant breeding.

An organism’s genome contains many variable number tandem repeats (VNTRs). The
probability of two individuals having the same VNTR is very low. Genetic fingerprinting
relies on the fact that the genome of most eukaryotic organisms contains many repetitive,
non-coding bases of DNA. The non-coding bases of DNA are referred to as VNTRs. For each
individual, apart from identical twins, the number and length of VNTRs has a unique pattern.
The more closely related two individuals are, the more similar the VNTRs will be.
Gel electrophoresis is used to separate DNA fragments according to their size. The DNA
fragments are placed on to an agar gel and a voltage is applied across it. The resistance of the
gel means that the larger the fragments, the more slowly they move. Therefore, over a period
of time, the smaller fragments move further than the larger ones. In this way DNA fragments
of different lengths are separated. If the DNA fragments are labelled, ie with radioactive
DNA probes, their final positions in the gel can be determined by placing a sheet of X-ray
film over the agar gel for a few hours. The radioactivity from each DNA fragments exposes
the film and shows where the fragment is situated on the gel. Only DNA fragments up to
around 500 bases long can be sequenced in this way. Larger genes and whole genomes must
therefore be cut into smaller fragments by restriction endonucleases.
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The making of a genetic fingerprint consists of five main stages: extraction, digestion,
separation, hybridisation and development. The process is outlined below:
•

•

•

•

•

Extraction involves separating the
DNA from the rest of the cell. As the
amount of DNA is usually small, its
quantity can be increased using the
PCR.
Digestion involved cutting the DNA
into fragments, using the same
restriction endonucleases. The
endonucleases are chosen for their
ability to cut close to, but not within,
the target DNA
Separation involves the fragments of
DNA being separated into according
size by gel electrophoresis under the
influence of an electrical voltage. The
gel is then immersed to alkali in order
to separate the double strands into
single strands
Hybridisation – radioactive DNA
probes are used to bind with VNTRs.
The probes have base sequences
which are complementary to the base
sequence of the VNTRs, and bind to
them under specific conditions, such
as temperature and pH. The process if
carried out with different probes,
which bind to different DNA
sequences
Development is the final stage which
involves putting an X-ray film over
the nylon membrane. The film is
exposed by the radiation from the
radioactive probes (or fluorescent
probes if these are used). Because
these points correspond to the
position of the DNA fragments as
separated during electrophoresis, a
series of bars is revealed. The pattern
of the bands is unique to every
individual except identical twins.
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The results between two samples are visually checked, and if there appears to be a match, the
pattern of bars of each fingerprint is passed through an automated scanning machine, which
calculates the length of the DNA fragments from the bands. It does this using data obtained
by measuring the distances travelled during electrophoresis by known lengths of DNA.
Finally, the odds are calculated of someone else having an identical fingerprint. The closer
the match between the two patterns, the greater the probability that the two sets of DNA have
come from the same person.
Uses of DNA fingerprinting:
Genetic relationships ie paternal tests, and variability. The more closely related two
individuals – the closer the resemblance of their genetic fingerprints. A population whose
members have very similar genetic fingerprints has little genetic diversity. A population
whose members have a greater variety of genetic fingerprints has greater genetic diversity.
It is also used in forensic science at crime scenes. Although if the DNA samples do match in
an investigation it does not necessarily mean that the suspect carried out a given crime. The
DNA could have been left on some other, innocent occasion, and the DNA may belong to a
very close relative, or the DNA sample may have been contaminated after the crime, either
by the suspects DNA or by chemicals that affected the action of the restriction endonucleases
used in preparing the fingerprint. The probability that someone else’s DNA might match that
of the suspects has to be calculated. This calculation is based on the assumption that the DNA
which produces the banding patterns is randomly distributed in the community. This
assumption may not stand true for example in religious or ethnic groups that tend to have
partners from within their own small community.
It can be used in medical diagnosis, for example in diagnosing diseases like Huntington’s
disease, which affects the nervous system. It results from a three-base sequence (AGC) at one
end of a gene on a chromosome being repeated over and over again, like a genetic stutter. If
there are too many repeats the person is likely to get the disease. A sample of DNA from a
person with the allele for this disease can be cut with restriction endonucleases and a DNA
fingerprint prepared. This can then be matched with fingerprints of people with various forms
of the disease and those without the disease, so the probability of developing the symptoms
can be determined.
It is also used in plant and animal breeding, as it can be used to identify plants or animals
with particular alleles of a desirable gene, and can be used to prevent undesirable inbreeding
during breeding programmes. Individuals with favourable alleles can be selected for breeding
in order to increase the probability of their offspring having the characteristic that the allele
produces. Another application is to determine the paternity of animals and thus establish the
family tree of an individual (pedigree).
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AQA June 2011 Unit 5 Q5ci
Question:
Scientists can separate fragments of DNA using electrophoresis. Suggest how they can use
electrophoresis to estimate the number of base pairs in the separated fragments.
Answer:
•
•

Give one mark for answer confined to smaller fragments move further/faster;
Give two marks for comparing with distance/speed moved by fragments of known
size/markers / DNA ladder (ie the distance/speed of fragments of known size can be
compared to the distance/speed of unknown size to estimate size.
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