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The Fly, Drosophila melanogaster, 
and genetic discovery 

  

                                      
 

A few basics: A fly is only 1.5 mm long but has a body plan with as many or more visible 
features as that of any large animal.  It is diploid.  Progeny are cross progeny of biparental mating.  
It has XY sex determination.  It has three autosomes (one of these is exceedingly small) in 
addition to the sex chromosomes.  Females lay numerous eggs that develop into larvae in 1 day.  
After hatching, larvae eat (mostly yeast) for 3 days, growing about 1,000 fold, and then wander to 
find a nice dry place to make pupa.  In second phase of development, groups of stem cells that 
were set aside, some in major clusters called imaginal discs, undergo morphogenesis to produce 
the adult fly which ecloses four days later as an adult fly.   

 

Where genetics began: Thomas Hunt Morgan selected the fruit fly for study because it was small, 
rapidly reproducing and cheap to keep.  In studies begun in “Fly room” at Columbia University, 
he and his colleagues isolated the first mutation in 1911, a white eyed fly (based on discussion 
that occurred in class I am hoping that you figure out which chromosome this recessive mutation 
was on).  In the ensuing few years, Morgan and his team demonstrated the chromosomal basis of 
inheritance, the chromosomal basis of sex specification, and the occurrence of recombination and 
its usefulness in mapping traits on chromosomes.  They also discovered mutagenesis (X-rays), 
found the polytene chromosomes, which allowed the early construction of a genetic map 
anchored to a physical structure, and developed balancer chromosomes.  For all of these 
contributions, the fly and Morgan’s fly room are widely recognized for founding the field of 
genetics.  Drosophila has been important model for the study of population genetics, evolution, 
developmental biology and cell biology.  Among many contributions, one of the highlights was 
an extraordinarily influential genetic screen for all of the genes involved in the creation of pattern 
as the embryo develops an orderly body plan (Nusslein-Volhard, Wieschaus 1980 Nature 287, 
795).  This screen fueled science that led to a conceptual understanding of the great mystery of 
development — how intricate, beautiful, and functional biological structures are produced.  It also 
uncovered so many key and fundamental regulatory pathways that most papers today, whether 
investigating development, cancer, or cell biology, focus on molecules and pathways defined in 
this screen.   
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Making genetics easy: As explained in class diploid genetics with cross progeny can make 
genetics cumbersome.  There have been three ways to deal with this.  Live with the complications, 
work with self fertilizing or haploid organisms, or develop techniques that circumvent the 
difficulties.  Drosophila has been uniquely successful because of powerful genetic tools that 
largely circumvented the difficulties and now allow us to appreciate some of the advantages.   
One of the big advantages is in the study of essential genes.  Lethal mutations are norm in 
Drosophila.  They are maintained as heterozygous diploids in stable viable stocks.  The 
phenotype is revealed when the wild-type allele is removed, most simply in a cross in which one 
follows the homozygous mutant progeny, but other tricks are used to remove function at different 
times and places.   The tricks and tools are too numerous for us to cover but here are some 
references if you want to follow up.   
For straight genetic methods:  Fly Pushing by Ralph Greenspan 
For some background on screens:  The art and design of genetic screens: Drosophila 
melanogaster by Daniel St Jonhston  (2002) Nature Reviews Genetics 3, 176-188  
Getting fancy:  Power tools for gene expression and clonal analysis in Drosophila. By: del Valle 
Rodríguez, Didiano, Desplan (2011) Nature Methods 9, 47–55  
 

 

The following 5 pages were taken from an online source that seems to have disappeared.  
They will give you some background and serve as notes to help follow the material in the 
first three sessions of the fly breakout series.     
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A. Genetic analysis of development 
 
Many genetic studies in Drosophila are intimately tied to experiments devised to understand or 
take advantage of the development of Drosophila, so it is important that you have a basic 
understanding of Drosophila development. 
  
Developmental Biologists seek to answer a basic question:  How is a complex animal (or plant) 
formed from a single cell?  In practice, this has meant learning a great deal about processes such 
as signal transduction, transcriptional regulation, and many aspects of cell biology.  Because 
many aspects of Drosophila development are now so well understood, many times scientists can 
turn this around and take advantage of Drosophila phenotypes to analyze their favorite molecule 
or signal transduction pathway.  
 
A major feature of development is growth, and not surprisingly, many oncogenes and tumor 
suppressors turn out to have important roles during animal development. 
 

I. Oogenesis 
 

 
 
Drosophila has two ovaries, which are composed of strings of developing 
oocytes in ovarioles.  Within the germarium, there are 2-3 stem cells, 
which divide to form a cystoblast.  This cell goes through four 
incomplete cell divisions to make a 16-cell cyst.  All cells of the cysts are 
connected by “ring canals”.  These connections allow for communication 
such that the cyst is polarized.  This is facilitated by a microtubule 
network that runs through all the cells and is responsible for a gradient 
resulting in the accumulation of proteins and RNAs in one of the cells 
with four ring canals or connections.  This gradient is required for oocyte 
differentiation.   
 
The figures below show how the polarity of the embryo (A-P and D-V 
axis) are established in the oocyte.  The oocyte nucleus plays a key role.  
It first takes up a posterior position and signals the follicle cells (the 
somatic cells surrounding the oocyte) to take up a posterior fate.  The 
nucleus then moves, based on a microtubule network, to the anterior- 
dorsal surface and signals the follicle cells their to adopt a dorsal fate.  
We will discuss these signal transduction pathways later.  At maturity, 
the Drosophila egg is about 400µm long and about 160µm in diameter.  
Its polarity that is morphologically (its asymmetric) and molecularly 
visible.    
 



 3

 
from (Riechmann and Ephrussi 2001).   
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II. Early embryonic development 

 
Fertilization occurs through the micropyle in the anterior tip of the egg, and after one round of 
replication the male and female pronuclei fuse. 
 
Early Drosophila embryos are a syncytium, in which a series of rapid nuclear divisions occur 
within a single large cell. There are 13 rapid nuclear divisions (termed cycles) before 
cellularization occurs. For the first seven cycles all the nuclei are in the central region of the 
embryo.  The nuclei then begin to migrate towards the periphery (cortex) of the embryo, and they 
arrive there by cycle 10. 
 
The pole cells (the precursors of the germline cells) form after the 10th nuclear cycle. 
 
After cycle 13, there are about 6000 nuclei.  These nuclei are then simultaneously separated into 
6000 cells through the process of cellularization, which is a specialized, massive form of 
cytokinesis.  This occurs at about three hours of development.   
 
The Drosophila embryo is loaded with a large endowment of maternally transcribed RNAs. As 
we will discuss later, this has important implications for the genetic analysis in Drosophila. All 
of early Drosophila embryogenesis is driven by maternally provided RNAs and proteins.  
Zygotic genes don’t start to be transcribed until the cycles of DNA replication slow down.  The 
early cycles are so rapid (about 8-10 min) that they don’t allow much time for transcription. The 
earliest requirements for zygotic gene activity occur during the process of cellularization. 
 
Immediately after the cellular blastoderm. forms, the embryo starts to gastrulate. The main tissue 
layers of an organism (endoderm, mesoderm, and ectoderm) are established during gastrulation 
through cell movements. In Drosophila, gastrulation proceeds without cell division. 
 
The mesoderm is formed from an invagination of cells along the ventral side of the embryo, 
called the ventral furrow.  The endoderm (gut) is formed from cells that invaginate through the 
anterior and posterior midgut invaginations, which eventually meet in the middle of the embryo 
to form a continuous tube. 
 
The region of the animal between the head and the tail is called the germband.  As gastrulation 
begins in Drosophila, the germband elongates, and extends posterior and then wraps around the 
posterior end. 
 
The germband first becomes visibly segmented when it is fully extended.  The segments are 
demarcated by invaginations that form between them.  In the Drosophila embryo 3 head 
segments, three thoracic segments, and nine abdominal segments can be seen.  
 
The nervous system is formed from ectodermal cells that delaminate from the neuroepithelium. 
This process begins during germband extension.  A couple hours after fully extending, the 
germband retracts.  After it retracts the ectoderm seals over the amnioserosa in a process called 
dorsal closure.  
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During the remaining hours of embryonic development, hundreds of different cell types are 
specified and the different tissues of the animal established.  Altogether embryogenesis in 
Drosophila takes about 24 hours at 25°C. 
 
At the end of embryonic development, the first instar larvae hatches. 
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Take home message: don’t memorize these developmental stages.  The important thing is that 
they are reproducible in wild-type, and that (developmental) mutants can be isolated which effect 
a specific developmental event.   
 


