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The genetics of fruit flies is leading the
way to drug discovery.

The next time you start to swat a pesky fruit fly, you may
want to stop and think. Over the past century, this organ-
ism, Drosophila melanogaster, has contributed to enor-

mous leaps in our understanding of biological phenomena, and
researchers around the world are still learning from this benign
pest. After becoming one of the first complex eukaryotic organ-
isms to have its genome completely sequenced, the fruit fly is
now at the forefront of studies on the genome level and will like-
ly play a significant role in the future of drug discovery. Keep
that in mind the next time your garbage or compost draws
these hovering, genomics-era work-flies.

The D. melanogaster tale begins in 1910 in a laboratory at
Columbia University led by Thomas H. Morgan. Morgan was
a devout experimentalist who wanted to understand the physi-
cal basis of hereditary factors, an idea that had become scientif-
ically fashionable. Morgan chose D. melanogaster as a subject
because they were inexpensive, easy to raise, and had a short life
cycle. Early batches of flies were actually raised on bananas.
Morgan mutated flies and found the sex-linked inheritance of
one particular mutation, the white-eyed fly. Studying these muta-
tions, an undergraduate working with Morgan, A. H. Sturte-

vant, theorized that sex-linked traits are arranged in linear order
on the chromosomes, which at the time were not thought to be
carriers of genetic information. Sturtevant successfully made a
chromosomal map of five sex-linked factors. Sturtevant and
another Morgan co-worker, C. B. Bridges, mapped additional
traits on D. melanogaster chromosomes, and in 1916, Bridges
published proof that chromosomes are the hereditary factors in
complex organisms (1).

In 1918, another key discovery was made by the Morgan
“fly lab.” H. J. Muller pioneered the use of balancer chromo-
somes, which are a way to allow mutations to be reliably passed
to successive generations. This discovery paved the way for D.
melanogaster to become one of the most powerful genetic test
subjects in modern biology. Like humans, D. melanogaster is a
diploid organism, meaning that it has chromosomes in pairs, one
from the mother and one from the father. When a cell under-
goes meiosis to form a sperm cell or an egg, each with only one
of each chromosome, the chromosomes often become reshuffled
via a process called recombination. This process may help elim-
inate harmful mutations from being propagated in future gener-
ations, which is beneficial in natural populations but not to geneti-
cists attempting to study specific gene variants they do not want
to lose. The balancer chromosome contains a lot of inversions,
where the order of the genes is reversed. When the order is thus
shuffled, the chromosome cannot recombine with its partner
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chromosome during meiosis. This allows specific combinations
of mutations to be passed on to successive generations.

Morgan, along with his colleagues and students, moved to
the newly formed California Polytechnic Institute in 1928 and

continued the groundbreaking work in genetics that would
earn Morgan the Nobel Prize in Physiology or Medicine in 1933.
In the 1930s, Bridges mapped genes to specific bands on the fly’s
chromosome with such accuracy that some genes were identi-
fied within 100 kilo-base pairs (kb) of their actual location, all
without modern genomic tools such as the polymerase chain
reaction, liquid chromatography, or mass spectrometry (2).

More recently, the already famous fruit fly became a paradigm
of how a complex organism can develop from a single fertilized
egg. In 1979, Christiane Nüsslein-Volhard and Eric Wieschaus
at the European Molecular Biology Laboratory used random muta-
genesis to produce defects in the formation of D. melanogaster
embryos in order to determine the genes involved in embryo
formation. The ambitious research produced amazing results in
little more than a year. The team identified 15 genes that controlled
segmentation and identified their effects, work that won them
the Nobel Prize in Physiology or Medicine in 1995 (1).

Trial Run for Celera
The fruit fly proved its utility once again in serving as an exam-
ple of how a complex organism with a large genome could be
sequenced by the whole-genome shotgun (WGS) method, a faster
alternative to the traditional clone-by-clone approach. This
method’s strategy works by randomly breaking the genome into
millions of small chunks, sequencing the chunks, and then



piecing the sequence back together with the aid of markers and
the overlap occurring between redundant chunks.

In 1998, J. Craig Venter founded Celera Genomics, with a pledge
to sequence the human genome faster and more economically than
the publicly funded human genome consortium using the WGS
method. Together with the Berkeley Drosophila Genome Project,
Celera made a strong case for this claim by quickly and successful-
ly sequencing the genome of D.
melanogaster, making it the first complex
animal to be predominantly sequenced
by this method (3). The ensuing compe-
tition spawned by Celera’s success is large-
ly credited for the acceleration of the
monumental scientific achievement of
decoding our own genome sequence.

With almost the entire D. melano-
gaster genome sequenced, and a broad-
er understanding of its genome than
that of almost any other organism,
researchers are beginning to study
protein–protein interactions at the
genome level. These interactions have
garnered a great deal of attention
because of the information that can
be obtained about how cells accom-
plish their work. However, the fate and
ultimate function of proteins, them-
selves the products of genes, are often
much more elusive than simply  iden-
tifying the genes in the first place.

The study of protein–protein inter-
actions in D. melanogaster is an active
area of research. By examining this
complex network of interacting proteins,
the impact of genetic deletions or addi-
tions can be better understood. For
instance, if the gene for a specific protein
is deleted, its effect on a particular path-
way can be thought about before doing
experiments. And, because of the genet-
ic similarities between flies, mice, and
humans, many human genetic problems
can be studied in these models, and
normal physiological processes can be
elucidated by comparison.

Protein–protein interactions in
Drosophila can now be studied using the yeast-two-hybrid assay.
Although this sounds a bit messy and perhaps strictly biological,
it is really a chemistry experiment—one done in a petri dish instead
of a test tube to study interactions between two complex mole-
cules. The assay is basically a detection technique based on disrup-
tion of a well-characterized biological system. The ensemble can
be imagined to be similar to a mechanical system of gears. Funda-
mentally, what researchers really want to know is whether two
gears of interest (really two proteins) will fit together (i.e., inter-
act). One way to do this is to take a system of gears that you know
works, and then incorporate the gears of interest in such a way
that they have to work with each other within the system for the

entire system to work—all without knowing much about the new
components. Obviously, there needs to be a way to determine if
the system is not working—that is, if the added new gears did not
interact. For example, say this gear system powers a radio. If the
newly added gears mesh, it’s music to your ears; if not, silence.

In the yeast-two-hybrid technique, the system of gears chosen
powers the yeast’s ability to synthesize the amino acid histidine.

Yeast needs histidine to survive and can
either synthesize it or take it from the
environment if it is available. Researchers
have created a yeast cell line that is miss-
ing the blueprint for two gears that are
essential to yeast’s ability to make histi-
dine. One blueprint is the DNA to
make a binding protein, which attach-
es to a specific section of the yeast’s DNA
called HIS3 (4). HIS3 is the gene that
codes for the protein imidazoleglycerol
phosphate dehydratase, which is crucial
for making histidine (5). The other miss-
ing blueprint is DNA, which makes an
activating protein “gear” that, when
working with the binding protein gear,
starts the transcription of HIS3.

As designed, with these two gears
missing, the downstream gears won’t
turn. HIS3 is not transcribed into RNA,
the imidazoleglycerol phosphate dehy-
dratase is not produced from the RNA,
and histidine is not synthesized. If a
yeast cell with these two proteins miss-
ing is not given histidine, it will die.
Therefore, if these two proteins can be
altered so that they are attached to the
two new gears (proteins) of interest,
which may or may not fit together, the
system can be used as a diagnostic tool
for protein–protein interaction.

Getting the proteins that need to be
tested into the system is a bit more diffi-
cult, but scientists are exploiting yeast
reproduction to do so. Yeast produce
haploid cells, like our sperm and egg
cells, which then combine to form a
new yeast cell. In the yeast-two-hybrid
assay, two haploids are used, and both

are missing the binding and activation DNA, and hence the bind-
ing and activation proteins. In one haploid, a plasmid (a circular
piece of DNA) is inserted that has the DNA for the binding protein
fused to the DNA for one of the proteins to be tested. The other
haploid receives a plasmid with the DNA for the activation protein
fused to the DNA for the other protein to be tested.

The yeast haploid cells, being grown on food that already
contains histidine, start making the binding protein and the first
protein to be tested as one unit. It is as if the two gears are on the
same shaft. The binding protein locates the HIS3 DNA sequence
and binds, waiting for the activation protein to come, while in the
other haploid cell, the activation protein, with the second protein
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Basic research using fruit flies has benefited our
understanding of genetics and proteomics, but what
has it accomplished for human health? One of the
most important aspects is how close the Drosophila
is to humans. CuraGen estimates that 60% of the
genes known to be altered in human diseases have
equivalents in the Drosophila genome, and the
company indicates that by applying comparative
genomics, important protein interactions and path-
ways involved in disease can be identified.

Many researchers and companies investigating
human diseases are working with Drosophila. Cycla-
cel, which is working on a cyclin-dependent kinase
inhibitor for breast and lung cancer as well as other
drugs, has used Drosophila as a source of target iden-
tification. The company uses a library of more than
100 Drosophila genes that have been found to be
important in mitosis or meiosis. Some of the genes
are known to be affected by successful anticancer
drugs like Taxol.Another company, Exelixis, is not only
developing its own drugs but has introduced a collec-
tion of fly strains that allows “researchers to rapidly
create a loss-of-function mutation in virtually any
gene within the Drosophila genome.” The company
is releasing the collection to not-for-profit institutions
and has used it internally over the past several years
to work on cancer and inflammatory, metabolic, and
neurodegenerative disorders.

Researchers have already been using Drosophila
as a model for specific diseases. In 2000, M. B. Feany
and W.W. Bender at Harvard University introduced a
Drosophila model of Parkinson’s disease, which has
been used to understand and identify several drug
targets for the treatment of the disease.

Almost Human
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stuck on it, is floating around looking for the binding protein.
When the cells combine, the resulting yeast now has both bind-

ing and activation proteins. However, they cannot find one anoth-
er because of the new proteins that are attached to them. If these
new proteins interact with one another, then there is a good chance
the binding protein and the activation protein will be close enough
together to activate HIS3 and turn the rest of the gears, allowing the
yeast to survive even if it doesn’t have access to any histidine. Howev-
er, if they do not interact, the yeast will die if it is not fed histidine.

Therefore, to determine if the proteins interact, the yeast is
placed on a growing medium that contains no histidine. The
ones that survive have two proteins that interact, while the ones
that die do not. Although not every positive result indicates a
true, biologically meaningful interaction, and not every negative
result is the lack thereof, the yeast-two-hybrid system works as a
very efficient diagnostic tool for finding out if proteins interact.

A Small Fly After All
With the availability of the genome sequence and the utility of
assays such as the yeast-two-hybrid, it is now possible to tackle
important biological questions on a new scale. In 2003, researchers
at CuraGen Corporation, Wayne State University, and Yale Univer-
sity published a protein interaction map of D. melanogaster (6).
Using a large-scale, high-throughput version of the yeast-two-
hybrid, these researchers produced a draft map of 7048 proteins
and 20,405 interactions among them. Further curation led to a

high-confidence set of 4679 proteins and 4780 interactions.
Intriguingly, the resulting map appears to adhere, as many systems

of linked components do, to a model of connectivity known as the
small-world network. You may already know this as the common
belief that anyone in the world can trace their way to anyone else
in the world through a network of at most six people—the so-called
six degrees of separation. This model of networks has been math-
ematically described and has many practical applications, such as
power grids and the Internet. With a big piece of the Drosophila
network now available and the underlying conservation of genes
and proteins between flies and humans in many cellular processes,
this should prove a powerful resource to the discovery of potential
drug targets for diseases such as cancer, heart disease, and diabetes.
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