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According to AQA, ‘genes incorporate coded information which
determines the metabolism of organisms’. What more can we say?

Genc\ and genetics have burst into the public view
over recent years. We are bombarded with stories
of a genetic revolution. Gene therapy will alleviate the
suffering of cancer and cystic fibrosis sufferers. Genetic
engineers will create more productive strains of rice
and breeds of cattle in an effort to end world hunger.
Tony Blair stood with Bill Clinton to declare proudly
that the sequencing of the human genome has been
completed. But what exactly are genes, and how do
genes affect us, both as humans and as scientists?

Traits and their transmission
To answer these questions, we can go right
back to the dawn of scientific thought and
before. Simply by looking around and
observing their environment, it was
possible for early farmers, scien-
tists and philosophers to see that
certain traits were passed on
from parent to offspring. In
humans, this can be eye
colour, height or aspects of
facial structure; in other
animals and plants, this can
be greater productivity (e.g.
wheat) or speed (as in early
domestic horses). It stood to
reason that there was a mecha-
nism whereby this transfer of
traits could occur.

Such patterns of heredity were
commented upon for several millennia.
Hippocrates, living in Greece in the fourth
century Bc, developed a simplified
theory of heredity, suggesting that
information was passed to the
sexual organs from different
parts of the body. However, it
was only in the nineteenth
century that the idea of heri-
table traits began to form into
established scientific theory.

A Polish monk, Gregor
Mendel, carried out extensive
experiments with pea plants,
concentrating on characteristics
that he could breed consistently
true, such as seed colour and stem
height. When he cross-pollinated
strains with different variants of these
characteristics (e.g. tall plants with short
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plants) to create hybrids, he was able to show that defi-
nite patterns emerged, with some variations dominating
the offspring and others disappearing, only to reappear
in subsequent generations.

These studies proved for the first time that there was
a specific mechanism ensuring the passage of specific
traits from one generation to the next.
Although Mendel’s’ work was published
before Darwin'’s Origin of Species, it was over-
looked by Darwin, but was later to explain
how suitable traits are passed on to subse-
quent generations.

Concepts, definitions and
ideas of interest to
biologists are explained in
what is...? Please tell us of
any topics you would like
to see included.
Terminology
Mendel’s work remained undis-
covered for many years, but by
1911 the units involved in
the processes he had
observed had been given a
name — genes. A termi-
nology grew up around
: genotype, the
ible and (at the
time) S(\lllf\\’hd[ abstract
template for these traits;
phenotype, the physical
embodiment of genes and
genotype; genome, the
sum of all the genes in an
organism; and allele, one of the
forms that a gene controlling a
specific trait could take. Further studies
showed that virtually every aspect of
a living organism showed some
kind of heritability, although
many traits showed very
complex patterns of inheri-
tance and did not fit with
the simpler laws of
‘Mendelian genetics’.

It was also thought
that there was some kind
of link between these
‘genes’ and the structures
within cells revealed by

microscopy — the chro-
mosomes. A picture was
emerging of the gene being
4 the fundamental carrier of
" information — determining what
we are, making us look like our

in





[image: image2.jpg]brothers and sisters, and defining the differences
between us and other species.

The central dogma

The interest in genes continued over the next 40 years
as knowledge of the make-up of the cell and its
biochemical components expanded by leaps and
bounds.

The major breakthrough in our understanding of
exactly how organisms passed on genetic information
from one generation to the next came in 1953, with the
work of Francis Crick and James D. Watson. They
deduced the structure of a macromolecule called
deoxyribose nucleic acid — DNA. This molecule had
the remarkable ability to self-replicate. It was also the
major component of the chromosomes, which had by
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Figure 1 A model for transcription regulation. Proteins
regulating gene expression bind to specific DNA sequences
upstream of a gene (A). This starts the coming together of a
complex of proteins called transcription factors (B). These in
tumn start the binding of RNA polymerase to the DNA
sequence (C). These all combine to carry out transcription,
converting genomic DNA into a messenger RNA (D) which
can then be translated into protein.

then been seen to segregate between cells, just like
genetic traits. Moreover, DNA is able to store huge
amounts of information within its structure, using
sequences of the bases adenine, guanine, cytosine
and thymine. From this discovery arose the so-called
central dogma of molecular biology: discrete segments
of DNA are transcribed into similar macromolecules
called messenger RNAs, which are then translated into
proteins.
DNA — RNA — protein

Proteins take on structural and functional roles within
the cell, defining what that cell does and how it works.
In its simplest form, this central dogma defines the
expression of the genetic information in DNA in the
form of the polypeptide chains of proteins, each distin-
guished by its sequence of amino acids. Hence we have
the concept of one gene = one polypeptide. The fact
that the human genome is now known to comprise
approximately 30000 genes suggests that it requires
approximately 30 000 proteins to make a human being.

Of course, we recognise that not all genes are
expressed in all cells, and some genes are switched on
and off at different times during development. For
example, certain genes are needed during embryogen-
esis to make sure the skeleton forms correctly and we
end up with a symmetrical body with two arms, two
legs, two eyes etc. Other genes are expressed in specific
tissues to provide the particular proteins needed, for
example pepsin is required for digestion in the stomach,
albumin is made in the liver and released into the blood-
stream, and insulin is made in the pancreas and reduces
blood sugar levels after a meal. So how is gene expres-
sion controlled, and how does a gene represent more
than just the sequence of bases coding for the polypep-
tide sequence?

Control of gene expression

The switching on and off of genes is a highly regulated
process which is best understood in bacteria and viruses.
However, the principles involved in these simple organ-
isms are also applicable to higher organisms, including
humans. In essence, the switch depends on regulatory
DNA sequences adjacent to the gene sequence that
codes for a particular protein (see Figure 1). However,
the regulatory DNA sequences do not work by them-
selves. To have any effect, these sequences must be
recognised by proteins called gene regulatory proteins
or transcription factors.

Some gene regulatory proteins recognise the regu-
latory DNA sequences and bind to the DNA, whereas
other proteins bind to the proteins once they are bound
to the DNA. This is why a complex of proteins is needed
to promote DNA transcription and produce the mRNA
that will dictate the protein to be synthesised.

Such mechanisms depend on the regulatory DNA
sequences around the DNA coding regions and add to
the difficulty of providing a satisfactory definition of a
gene. Indeed, it can be argued that there is no agreed
definition of a gene — most textbooks require several
paragraphs to explain the concept. The Institute of
Biology goes for the simple definition of a gene as ‘a
piece of DNA that has a specific function’.
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[image: image3.jpg]When cells replicate, the entire DNA genome is usually
copied and passed on to the new cells. When sexual
reproduction takes place and organisms replicate,
exchange of information between the chromosomes
into which the DNA is organised and the mixing of the
genetic information from the parents ensures genetic
diversity. Variation is increased by mistakes in copying
DNA, or mutations that change the code and so alter the
structure and function of the proteins that result.

The dominant or recessive nature of a trait, such as eye
colour, is determined by the level at which the proteins that
cause, say, blue or green eye colour are expressed. If one
gene is expressed at higher levels than the rest, it will be
the dominant allele. The other copy, however, will still
be present. This is what allows for the re-emergence of
recessive traits in the subsequent generations. This
applies across the whole spectrum of life, defining, for
example, how infectious a bacterium is, the colour of a
butterfly’s wings and the length of a pea plant’s stem —
controlling and shaping all living organisms.

In the last 20 years, new techniques applied in
biochemistry and molecular biology have increased our
understanding of genes. DNA sequencing allows us to
read the entire code, even if it is not yet fully under-
stood. The polymerase chain reaction (PCR — see
BIOLOGICAL SCIENCES REVIEW Vol. 11, No. 1, pp. 18-19)
allows us to isolate and study genes from organisms, as
well as giving us the ability to alter the make-up of
these genes and so the properties they express.

Together, these have allowed us to get to the root
cause of diseases such as cystic fibrosis and Alzheimer’s
disease and may allow us to cure them at some point in
the future. We also understand how a bacterium like
Vibrio cholerae actually causes the disease cholera. Across
farming, medicine and manufacturing, genes and
genetics are playing a greater part in modern life. At a
more fundamental level, the gene as the central unit
of heredity plays a major role in defining us both as
individuals and as a species. W

» Do genes code only for polypeptides?

> Why does a mutation in one gene give rise to a
dominant trait whereas a mutation in another gene
can result in a recessive trait?

P Is there a difference between the organisation of genes
in bacteria and in man?

» How did Oswald Avery obtain the first definitive
evidence in 1944 that DNA is the genetic material?

P Are genes always made of DNA?

» What do introns, exons and gene splicing do in
eukaryotic organisms?
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