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In the past few years RNAi has been used successfully to silence
specific genes in the nematode worm, C. elegans, Drosophila, and
in plants. The dsRNA homologous to a selected mRNA, when
introduced into a cell, is processed by an RNase, known as a
‘dicer’ into double-stranded pieces 21–23 nucleotides in length,
known as small interfering RNAs (siRNAs). These associate with 
specific proteins forming a silencing complex known as RISC
(RNA-induced silencing complex). RISC separates the strands
of the siRNA, which targets the complex on to a complementary
section of an mRNA which is then hydrolysed. Degradation
of successive mRNA molecules occurs so that a small number of
the specific siRNA molecules cause the degradation of most
of the cognate mRNA in a cell. They may even be passed on to
daughter cells. While as stated, the technique has been used to
partially or fully silence specific genes in nematodes, plants, and
Drosophila it did not work in mammalian cells.

The same RNAi mechanism occurs in mammalian cells but
when dsRNA longer than 30 bp is introduced into a cell, it
induces interferon synthesis, initially observed as antiviral pro-
teins, which cause protective cellular responses. However siRNAs
shorter than 30 bp in length introduced into the cell do not have
this problem. Methods have been devised for producing specific
siRNAs and introducing them into mammalian cells so that a
powerful new technique for making mammalian cell ‘knock-
outs’ (or partial ‘knockdowns’) is available. What makes this
more important is that with the sequencing of the human
genome and that of almost all commonly used experimental
organisms, the base sequence of virtually every known gene
is available so that homologous siRNAs for any of them can
be made. There is an explosion of interest in the field; we give
references to a series of readable reviews which will form a basis
for further literature research should you want to do this.

Analysis of multiple gene expression in cells using 
DNA microarrays

One of the newest additions to the armoury of molecular 
biology tools are the DNA microarrays, colloquially referred to
as DNA chips.

Northern blotting (page 485) can be used to detect the tran-
scription of single genes by hybridizing mRNA to single-
stranded DNA probes of the gene from which they were
transcribed. Genomics is concerned with transcription (and
expression) of many genes, even thousands, at any one time and
in any one tissue so that overall patterns of gene expression can
be studied.

The interest stems from the realization that the interactions
of many genes determine the life of cells and organisms. If the
totality of gene expression could be determined it could for

the ES cells for manipulation were obtained had a brown coat
colour and the recipient blastula into which modified cells
were injected came from a black mouse strain. The mouse
resulting from implantation of the latter into the foster mother
will be a black/brown mixture as shown in Fig. 28.15. These
are not yet the end of the story for only some of their cells
are mutated.

� What is needed are mice in which every cell in the body is a
knockout (null) mutant with respect to your target gene
including the germline cells. To obtain these, the chimaeric
mice are crossed with a black mouse of the strain from which
the host blastula was derived. This will usually give rise to
some intermediate coloured progeny, in which all cells have
one mutated gene and one normal gene. The latter are
heterozygotes derived from germline cells.

� Inbreeding of these results in progeny half of which are brown
and half black. The former are homozygous for the mutated
gene. In other words, all the cells in the body of the mouse lack
the targeted gene. It is a ‘knockout mouse’.

Knockout mice are being used to test the role of genes in
complex biochemical systems and importantly to create animal
models of human diseases that are attributed to loss of a specific
gene. As an example, a mouse model of the human disease
familial hypercholesteroldaemia has been made by knockout of
the gene for the low-density lipoprotein receptor (page 182).

In addition to their role in producing mutant mice, stem cells
are currently of great medical interest and ethical debate for
they hold the potential of being used to replace living cells in
the human—a much discussed candidate is renewal of brain
cells in patients with Parkinson’s disease. The area is the subject
of intensive research programs. It perhaps is worth emphasizing
that stem cell cloning is different from cloning of animals such
as Dolly the sheep (page 21).

Gene silencing by RNA interference (RNAi)

It was realized several years ago that specific gene expression
might be posttranscriptionally inhibited by short antisense RNA
molecules, complementary to mRNA sequences. By hybridizing
together they prevent mRNA translation. This seemed to work
when applied to nematode worms but control experiments
using sense RNA rather than antisense worked just as well. It
turned out that the two preparations of sense and antisense RNA
were both contaminated by a double-stranded version and it was
this that was effective in gene silencing. The phenomenon,
named RNA interference or RNAi, is attracting great interest.
RNAi is a naturally occurring process; its role is protective
against double-stranded RNA (dsRNA) viruses.
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Fig. 28.17 Gene expression analysis using a DNA microarray
(or DNA chip). The example shows part of a lily cDNA library probed
with reverse-transcribed labelled cDNA generated from RNA extracted
from different lily plants. Photograph kindly provided by Dr John Barlow
and Dr Stephen Wilcox, Australian Genome Research Facility,
Melbourne.

example throw new light on gene control in normal and diseased
situations. As an example comparing multiple gene transcrip-
tion in normal and cancer cells of the same tissue type might
lead to better classification of the cancers and more specifically
tailored therapeutic regimes. A human has 30 000 genes whose
expression might be looked at. How could this be done for large
numbers of them at any one instant of time? DNA microarray
technology makes this seemingly impossible task possible.

The principle is that an array of pieces of DNA which are
specific targets are spotted on to a chip, most often of glass.
(Note that these are the probes.) The spots are minute in size
and are applied robotically, the location of each spot being
identifiable and corresponding to a sequence from a specific
gene. Thousands of such sequences can be placed on a postage-
stamp-sized chip. The specific target sequences in the spots may
be cDNA copies of genes or parts of them amplified by PCR or
synthetic oligonucleotides, in some cases synthesized on the
glass in situ by robotic means, corresponding to gene sequences.
For the first, a cDNA library (page 492) is needed and the indi-
vidual cDNAs isolated and identified. Ready-made microarrays
specific for groups of genes such as those relevant to cancer are
available commercially.

Suppose your aim is to compare gene expression in cancer
cells with that in normal cells of the same type, using an appro-
priate DNA microarray. mRNA is isolated from the cell sam-
ples (page 492) and cDNA libraries made from them. The
cDNAs are labelled with fluorescent dyes, red in the case of the
cDNA made from cancer cells and green for the normal con-
trol cell samples. Before use, the strands are separated by heat
and allowed to hybridize with the target sequences on the
microchip. The chip is washed and scanned automatically so
that the intensity of the different-coloured fluorescence on each
spot is quantified. Genes whose expression is increased in the
cancer cells as compared with normal ones appear as red fluo-
rescent spots because more cDNA has hybridized to the gene as
compared to that from the normal cells. In the reverse situation
where expression of a gene in the cancer cells is decreased rela-
tive to the normal control, the spot is green and if there is no dif-
ference between the two types of cells the spot is yellow. Dark
spots indicate little or no expression of either type. A computer
records the results in terms of amount of specific mRNAs in
each of the spots in the microarray. Since each of these corre-
sponds to a known gene the method gives a global picture of the
expression of all the genes at any one time in the cancerous and
normal tissues.

Figure 28.17 shows a comparison of expression when a lily
cDNA library was probed with reverse-transcribed labelled
cDNA generated from RNA extracted from different lily plants.
Different patterns of expression are found.

Transgenic animals and plants

Genes can be inserted into animals and plants to give different
phenotypes. This is referred to as transgenesis. It has been
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However, much of gene therapy trials to date have concen-
trated on the treatment of more common, complex disorders
such as cancer and HIV-1 (AIDS) infection using the approach
of boosting the immune system against, for example, a cancer-
cell-specific antigen. While integrating vectors such as
retroviral vectors show considerable promise, researchers are
also developing strategies for gene insertion into cells that do not
require integration. Artificial minichromosomes (page 491) are 
a possibility. Alternatively, integrating vectors may be targeted to 
a ‘safe’ region of the genome devoid of genes where they are less
likely to do genetic harm. While gene therapy is in its infancy, it
shows promise for the treatment of intractable diseases and is
being vigorously investigated.

In plants, foreign genes can be inserted into the chromosomes
by using as a cloning vector a naturally occurring (but suitably
altered) plasmid (the Ti, or tumor-inducing, plasmid). This is
found in the pathogenic soil bacterium Agrobacterium tumefa-
ciens. Alternatively, DNA molecules may be literally shot into
plant cells, with a gun-type instrument that fires a cloud of fine
shot loaded with DNA. In this way, crop plants are being engin-
eered with specified phenotypic characteristics—for example,
to be resistant to herbicides. The purpose of this is to control
weeds by blanket spraying with the herbicide—only the resistant
crop plant survives.

DNA databases and genomics

DNA databases are the essential partners to the protein data-
bases described in Chapter 5. Genomics refers to the study of
large numbers of genes in which the vast amount of informa-
tion in the databases plays an important part. It is the partner to
proteomics (page 83) in which large numbers of proteins are
studied together. The computational use of the protein and
DNA databases is collectively known as bioinformatics. The
databases are now of very great importance in biochemistry
and molecular biology, medicine, and virtually all biological
sciences.

When a gene or other section of DNA has been isolated
and sequenced, the information about it is recorded in one of
the international databases in the public domain. Software is
available to interrogate the bases and analyse the data in ways
appropriate to the type of questions being asked. When an
unidentified gene or other DNA sequence is isolated and fully
or partially sequenced, a search of the databases for matching
sequences will reveal whether information on that piece of
DNA, or a closely related one, already exists from previous work

found that pieces of DNA injected into cells can be incorp-
orated into the cell’s DNA where it may be expressed. The first
example of this was achieved by injecting a cloned gene for
growth hormone into the nucleus of a fertilized mouse egg. The
egg was then implanted in a mouse to develop. It was found that
some cells of the progeny contained multiple copies of the
growth hormone gene. As a result it grew to about twice the
size of a normal mouse. Moreover, some of the germ line cells
contained the extra genes so that it is possible to breed trans-
genic animals with the extra genes.

This has given rise to hopes that it might permit genetic
human diseases to be remedied by gene therapy, which involves
correction of a gene deficiency by inserting a normal gene or
genetic material into cells.

Gene therapy is the use of genes or genetic material in treating
disease. In essence, the gene is the ‘drug’. Initially, gene therapy
was considered primarily for the treatment of diseases in which
there is a known single-gene deficiency, such as �-thalassaemia
(page 70), cystic fibrosis (page 117), or Duchenne’s muscular
dystrophy (page 134). The first gene-therapy clinical trial was
performed in 1990. This was on patients with severe combined
immunodeficiency disease (SCID) in which the gene for adeno-
sine deaminase (page 331) is deficient in lymphocytes. This leads
to a build up of adenosine, the metabolic repercussions of which
are to cause a build up of toxic dATP and inhibition of DNA syn-
thesis in the lymphocytes. This impairs the immune response.
Bone marrow cells of patients were treated in vitro with a crip-
pled retroviral vector carrying a functional adenosine deaminase
gene and the cells returned to the patient. This gave encouraging
results with a number of children.

In 2001, a French group used gene therapy to cure children
with a very severe and fatal immune defect called X-linked,
severe combined immunodeficiency (boy-in-bubble-type dis-
ease). This disease, found only in boys, is different from that
caused by adenosine deaminase deficiency. It is caused by a
mutation in a lymphocyte protein that is common to a number
of interleukin receptors. These are necessary for the immune
cells to signal each other to raise appropriate immune responses
(page 516). The researchers used a retroviral vector carrying a
corrective functional receptor protein gene. This was inserted
in vitro into the patients’ bone marrow haematopoietic stem
cells. They were then transplanted back into the patients.
Remarkably, 10 out of 11 patients benefited significantly from the
therapy with most appearing to have been cured. Unfortunately,
within 3 years of the treatment, two of the patients had devel-
oped leukaemia, which appears to have been due to insertional
mutagenesis. That is, the insertion of the retroviral gene vector
activates a proto-oncogene (page 532) or disrupts a tumour-
suppressor gene (page 531).
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