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of the
fruit fly

Fruit flies are often used in research that
is directly relevant to investigating human
genetic disease. Sounds unlikely? Read
on...
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ur understanding of how genes function, and Perhaps the most important non-mammalian

our capacity to manipulate them, continues model genetic organism is the fruit fly. Drosophila

to progress at an astonishing rate. But money  nelanogaster has been at the forefront of genetic research

for scientific and medical research is tight and for 100 years. Not only do fruit flies have those ideal
getting tighter. Most of our interest is in exploiting ~genetic research attributes of a short (14 day) genera-
genes for health and medicine, so why do so many tion time and large numbers of offspring, their biology
genetic researchers study the fruit fly Drosophila and behaviour are remarkably similar to humans. For
melanogaster? example, superficially at least, sex determination is the
If you wander into any medical genetic research same in flies and humans — females are XX and males are
laboratory you may be surprised to discover that a signif- ~ XY. However, in flies it is the number of X chromosomes
icant number of researchers don’t work on humans at  that determines their sex. In humans sex is determined
all. The ethical reasons for this are obvious, but even by the 23rd pair of chromosomes. Females have two
it we exclude issues of morality, humans are a poor X chromosomes (XX), whereas males have an X and a
genetic research organism, not least because average Y chromosome (XY). The X chromosome is a normal-
generation times are around 25 years — simply too looking chromosome that carries around 2000 genes, but

long to wait to carry out your genetic crosses. the Y chromosome carries fewer than 50 genes, the most
) important of which is the male determining gene. Fruit
Model organisms flies can see, hear, smell, taste and run, they can also sing,

Many geneticists use mice as surrogate humans. From at least when the males are seeking out a suitable mate.
a geneticist’s perspective, mice are really small hairy Justlike us, flies also show complex behaviours. They can
humans that can start breeding at about 2 months of age. learn and remember, and they have an inbuilt biolog-
In addition, and despite the fact that they diverged around ical clock so they know what time ol day it is. Male and
60 million years ago, humans and mice have essentially ~ female flies also show sex-specific behaviours, and given
the same 23 000 protein-coding genes, each of which does  that their parents don't teach them, the ability to behave
essentially the same job. Indeed the only genes that differ  in a male-like or female-like fashion must be genetically
significantly are a few species-specific immunity genes. ~programmed into their brains.

In the UK, research on mice is quite correctly tightly In an era where research money is at a premium,

regulated, and with the cost of housing a single mouse  Drosophila has a ssignificant role to play.

increasing to over £6 per mouse per week even before

you embark on any experiments, it is not surprising One hundred years ago

that many geneticists prefer to use different animals as It was 100 years ago, on 22 July 1910, that Thomas

their model organism. Hunt Morgan (see Figure 1) first published his research

Drosophila
Model organism
Genetic disease
Genetic map
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[image: image2.jpg]Figure 1 Thomas Hunt Morgan in his fly laboratory.

identifying a specific Drosophila gene and tracking it to a
specific Drosophila chromosome. A year earlier Morgan
and his colleagues had successfully generated a variety
of mutant flies with abnormal wing shapes, misshapen
bristles or strangely coloured eyes. In every case the
new mutations were inherited in a normal Mendelian
pattern. However, among his stock of red-eyed flies
he found another mutant with white eyes. The white-
eyed mutant fly broke all the established rules when he
carried out breeding crosses.

In a series of carefully controlled crosses, Morgan
realised that the white-eye colour was not distributed
evenly across the sexes. More specifically, he realised
that white-eyed fathers could not pass the mutant eye-
colour to their sons. He then made the remarkable
leap of faith to suggest that the white-eye gene was
carried on the Drosophila X chromosome. This was the
first time researchers had assigned a specific gene to a
specific chromosome. A copy of his original figure illus-
trating his discovery is shown in Figure 2.

A true-breeding white-eyed male and a true-
breeding red-eyed female are crossed and produce
red-eyed offspring. This suggests that the red-eye allele
is dominant and the white-eye allele is recessive. If we
then cross the heterozygous red-eyed daughter to a
true-breeding red-eyed male, they have offspring in
the ratio shown (2 red-eyed females: 1 red-eyed male:
1 white-eyed male). Morgan concluded correctly that
the eye colour gene is carried on the X chromosome,
where females have two copies and males only one.
Wild-type X chromosomes carrying the red-eye allele
are shown as red bars, while mutant X chromosomes
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carrying the white-eye allele are shown
as white bars.

Not only did Morgan assign the first
gene to a specitic chromosome, he also
showed that genes on the same chro-
mosome tend to be inherited together
— they show genetic linkage. This
allowed Morgan and his colleague Alfred
Sturtevant to construct the first genetic
maps. This strategy revolutionised our understanding
of genomes and is still used extensively in human
genetic research today. Thomas Hunt Morgan had
to wait another 23 years before he became the first
geneticist to win a Nobel prize. The award was for his
‘discoveries concerning the role played by the chromo-
some in heredity’.

Researchers soon realised that many human genes
were inherited in precisely the same fashion as the fruit
fly white-eye gene. At last there was an explanation for
why some conditions, such as red-green colour blindness
and haemophilia, were found predominantly in males,
yet could not be passed from father to son. No doubt this
was of more than a passing interest to the British Royal
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Figure 2 Sex-linked inheritance of the white-eyed mutation in
Drosophila, based on Morgan's 1919 book The Physical Basis of Heredity.

White-eyed
female Drosophila
melanogaster. 35
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family. Queen Victoria's eighth child, Prince Leopold, Duke
of Albany, was born in 1853 and died aged 31 after a minor
fall. He suffered from haemophilia. As there was no history
of haemophilia in Queen Victoria’s ancestry, it is generally
believed that this mutation arose in the royal testicle of her
father Prince Edward, Duke of Kent and Strathearn.

The fact that haemophilia was somehow inherited
within families was well known for centuries to popu-
lations that practised circumcision and other rituals
where bleeding occurred. Indeed as early as the first
century Ap, Rabbi Judah the Patriarch considered
Talmudic Law in respect of bleeding as a consequence
of male circumcision, and wrote: ‘For it is taught: if
she circumcised her first child and he died as a result
of bleeding from the operation, and a second one also
died as a result of bleeding from the operation, she
must not circumcise her third child.’

Ten years ago

Ten years ago, on 24 March 2000, and in the same
scientific journal in which Morgan had reported his
findings 90 years earlier (Science), the completion of
the fly genome project was announced. This time
researchers all over the world reported their interpre-
tation of the entire 165 million base pairs of DNA that
are spread out over four chromosomes.

FURTHER READING

Botas, J. (2007) ‘Drosophila researchers focus
on human disease’, Nature Genetics, Vol. 39,
pp. 589-91.

Nobelprize.org. Thomas Hunt Morgan and His Legacy:
http://nobelprize.org/nobel_prizes/medicine/articles/
lewis/

Once again Drosophila was at the forefront of genetic
research, and this time researchers exploited the fruit fly
to perfect the sequencing techniques and bioinformatics
strategy that would allow them to sequence the 3 billion
base pairs of the human genome just 3 years later.

Even 10 years on we still do not know what all of
the 13600 fly genes actually do. It is fair to say that we
know a lot about one-third of them, have a reasonable
understanding of the function of another third, but as
for the role of the other third — it is really anyone’s
guess. Indeed we do not know that there are precisely
13600 genes, but that discussion and argument can
wait for another day.

Perhaps the most startling observation is that about
70% of fruit fly genes are homologues of human
genes. So despite the fact that flies and humans had
a common ancestor around 320 million years ago,
nearly three-quarters of their genes are recognisably
similar. This reflects the fact that at the level of critical
cell function, flies and humans (and most other multi-
cellular organisms) are essentially the same. These
genes that are similar in both fruit flies and humans
include genes that are known to cause inherited
genetic disease in humans. Hence the use of fruit flies
in studying human genetic disease.

So flies are exploited as molecular genetic models
in a whole range of diverse human genetic conditions.
These are conditions involving the nervous system, the
immune system, cell metabolism and diseases caused
by mitochondrial malfunction. Perhaps one of the

TERMS EXPLAINED

Generation time The time it takes an organism to
complete one generation, for example from being
an egg to laying one.

Genetic linkage Genes on the same chromosome tend"
0 be inherited together so are said to be genetically
inked. The closer two genes are on a chromosome,
he more likely they are to be co-inherited.

Genetic maps In all organisms, genes are found in
specific positions on specific chromosomes. For
example, the human haemophilia gene is near the
bottom end of the X chromosome. A genetic map
shows the position of each gene within the genome.

Haemophilia A blood clotting disorder. The commonest
uman haemophilia, called haemophilia A, is
caused by a defect in the gene encoding clotting
actor VIII.

Homologues Genes that encode essentially the same
protein that performs essentially the same function
in different organisms. Homologues have a common
ancestor and shared evolutionary history.

Model organisms E. coli, yeast, nematode worms, fruit
lies, mice and other organisms that are extensively
used in genetic and other biological research. For
reasons of both cost and ethics, researchers often
use model organisms rather than working directly
on humans (see pp. 38-41 of this issue).
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[image: image4.jpg]most exciting areas of recent progress is the discovery
that flies, like humans, require sleep. Fly geneticists
have identified mutant genes which mean their owner
flies are insomniac and cannot sleep. These genes and
the molecular process that they control also exist in
humans, thus opening up a whole new field of research
into human sleep aberrations.

Into the future

In recent years the development of new molecular
genetic technologies in Drosophila have permitted some
of the most sophisticated genetic manipulations in the
animal world. Almost any gene can be isolated and
expressed in any tissue or cell, and there is now the
realistic possibility of systematically dissecting the origin
of every fly neurone with a view to identifying different
classes of adult neurone, the nature of each synapse
and the function of each population of neurones.
Drosophila has and will continue to contribute to many
aspects of biology and medicine. Current and future
research in many areas of fly biology will pave the way
for new approaches that will pioneer numerous fields
of biology and medicine. So next time you open your
garden composter and clouds of fruit flies fly out, treat
these minibeasts with respect. After all, their cousins
may one day save your life.

Points for discussion
P> Given your understanding of the basic biology of a
human and a fly, for which human diseases do you

e _ —_— — —_—_—

think that flies would make good models, and for
which would they be less suitable?

P> Biologically speaking, who determined your sex?
Was it your father or your mother?

P> What would be the sex of a human or a fly with
just one X chromosome (X)? Similarly, what would be
the sex of a human or fly with the sex chromosome
content XXY?

P> What, if any, restrictions should be considered when
undertaking experiments on fruit flies?

Dr Kevin O’Dell studied genetics at the University of
Nottingham and later worked in Sheffield, Paris and Oxford.
He is now a senior lecturer in genetics and convener of the
genetics degree programme at the University of Glasgow.
His research is aimed at understanding how flies know
what sex they are, and in exploiting Drosophila as a model
of human genetic disease.

KEY POINTS

® The basic processes by which genes are passed from
parents to offspring on chromosomes are similar in all

eukaryotic organisms.

® Many researchers use model organisms to study human

disease.

® Flies and humans share about 70% of their genes, including

about 70% of the human genes implicated in disease.




