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Drosophila melanogaster, known colloquially as the fruit fly, remains one of the most commonly
used model organisms for biomedical science. For more than one hundred years, the low cost, rapid
generation time, and excellent genetic tools have made the fly indispensable for basic research. The
addition of numerous molecular tools has allowed the model system to keep up with the latest
advances. In this issue, various authors provide examples of how Drosophila is currently being used,
and what directions they think the system is moving in. From human disease modeling to the
dissection of cellular morphogenesis and to behavior and aging, this issue examines the current uses
of flies, and the influence of fly research on other models.
Why the fly was chosen for research may prove difficult to pin down historically, but its rise to
prominence is well documented [1]. Thomas Hunt Morgan used the fly to prove the chromosomal
theory of inheritance showing that the white gene resided on the X chromosome, a finding for which
he received a thoroughly deserved Nobel Prize [2]. He and his protégés then went on to define many
of the principles of genetics, including the effects of X-rays on mutation rates, for which Hermann
Muller also won the Nobel Prize [3]. From these discoveries came the generation of balancer
chromosomes, a set of specialized chromosomes that prevent recombination through a series of
DNA inversions. These tools allow researchers to maintain complex stocks with multiple mutations
on single chromosomes over generations, an advance that made flies the premier genetic system [4].
Genetic tools such as these led to ever more complex genetics and more complex problems being
addressed. For example, Seymour Benzer, famous for working out the topology of genes using
bacteriophage, turned to Drosophila to study the influence of genes on behavior [5]. His work greatly
contributed to one of the great debates in biology, namely how much do genes contribute to higher
brain function, an advance he accomplished using simple genetic and complex mosaic experiments
coupled with clever assays to observe interesting changes in behavior.
The modern era of Drosophila research really took off when the embryo was analyzed in depth
for genes involved in its development [6]. This work launched many fields of developmental biology
and led to another Drosophila Nobel Prize [7]. The basic discovery was that discrete genes regulated
different aspects of development. Many of these genes turned out to be homologous to those
involved in human development and disease. These genes had been conserved over millions of
years of evolution and could be studied easily and rapidly in flies. This led to a boom in the field as
more and more researchers saw the potential of flies for asking basic and applied questions, and to
the development of ever cleverer molecular tools to address these questions. For example, chemical
mutagenesis was used for many years to generate new mutations that were screened for interesting
phenotypes, followed by careful genetic mapping, a chromosome walk, and finally gene cloning [8].
Currently, the MiMIC transposon system is being applied to target all genes in the Drosophila
genome, providing null mutations and a platform to land protein tagging, gene expression tracking,
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and many other functions through an exon swapping approach [9]. These, in conjunction with
CRISPR/Cas9 knockout/knockin and overexpression strategies [10], allow the inactivation, tagging,
and overexpression of any gene in the genome within weeks of starting a project. Using this
approach, any gene or even allele related to human disease can be studied in flies. In fact, these
approaches, and many others, have been put together into a genetic toolkit to test human disease
genes in Drosophila [11].
As research budgets shrink in real terms, it is easy to overlook basic research in such an abstract
and annoying animal as the fruit fly. Model organism research can be an easy target for a quick joke
by a politician or journalist, and it is much easier to justify research spending on humans or
human-derived materials, as “translation” is much more obvious in such studies. However, human
studies are enormously expensive and very slow, leaving model organism research as the best,
cheapest way to study anything more complex. In this issue, the authors will explore recent
developments in fly research and compare them to the recent advances in other model organisms.
This field remains vibrant and exciting, with labs using flies in drug discovery, bioengineering,
regenerative biology, and medicine. The future for model organism research is bright.
Acknowledgments: I wish to thank all the authors for contributing to this special issue, and the editorial team
for making it possible. This work was funded by grants from the Academic Research Fund MOE2014-T2-2-039
to Nicholas S. Tolwinski the Yale-NUS Bridging Grant IG16-B002 to Nicholas S. Tolwinski.
Conflicts of Interest: The author declares no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.

11.

Kohler, R.E. Lords of the Fly: Drosophila Genetics and the Experimental Life; University of Chicago Press:
Chicago, IL, USA, 1994; p. xv, 321p.
Morgan, T.H.; Bridges, C.B. Sex-Linked Inheritance in Drosophila; Carnegie Institution of Washington:
Washington, DC, USA, 1916.
Muller, H.J. The production of mutations by X-rays. Proc. Natl. Acad. Sci. USA 1928, 14, 714–726.
Lindsley, D.L.; Zimm, G.G. The Genome of Drosophila Melanogaster, 8th ed.; Academic Press: San Diego, CA,
USA, 1992; p. 1133.
Benzer, S. From the gene to behavior. JAMA 1971, 218, 1015–1022.
Nusslein-Volhard, C.; Wieschaus, E. Mutations affecting segment number and polarity in drosophila.
Nature 1980, 287, 795–801.
The Nobel Prize in Physiology or Medicine. Available online: http://nobelprize.org/nobel_prizes/
medicine/laureates/1995/ (accessed on 18 September 2017).
Riggleman, B.; Wieschaus, E.; Schedl, P. Molecular analysis of the armadillo locus: Uniformly distributed
transcripts and a protein with novel internal repeats are associated with a drosophila segment polarity
gene. Genes Dev. 1989, 3, 96–113.
Nagarkar-Jaiswal, S.; DeLuca, S.Z.; Lee, P.-T.; Lin, W.-W.; Pan, H.; Zuo, Z.; Lv, J.; Spradling, A.C.; Bellen,
H.J. A genetic toolkit for tagging intronic MiMIC containing genes. Elife 2015, 4, doi:10.7554/eLife.08469.
Ewen-Campen, B.; Yang-Zhou, D.; Fernandes, V.R.; González, D.P.; Liu, L.-P.; Tao, R.; Ren, X.; Sun, J.; Hu,
Y.; Zirin, J. Optimized strategy for in vivo cas9-activation in drosophila. Proc. Natl. Acad. Sci. USA 2017, 114,
9409–9414.
Wangler, M.F.; Yamamoto, S.; Chao, H.-T.; Posey, J.E.; Westerfield, M.; Postlethwait, J.; Hieter, P.; Boycott,
K.M.; Campeau, P.M.; Bellen, H.J. Model organisms facilitate rare disease diagnosis and therapeutic
research. Genetics 2017, 207, 9.
© 2017 by the author; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

