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*With all these concepts it is possible to understand the mechanism that creates the 

segmentation in the fly. Because it is a brief explanation of the reality, some processes or names 

have been removed not to make it so large and that way giving the reader an information pretty 

feasible. 
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1. Introduction 

An animal’s body is determined in the early years of life. Trough molecular and cell-to-cell 

interactions in the embryo, the body plan gets the conformation characteristic from the animal. 

Such a phenomena seemed so interesting to my vision that I encouraged myself to begin writing 

this inform, in which my main intention is to give the reader the information on how the 

anterior-posterior body plan is formed in Drosophila melanogaster, an insect that I have been 

working with in the laboratory and a very interesting one in the field of developmental biology. 

In addition, I want to highlight that my passion in genetics has been the guilty to write a research 

that has plenty of it. 

The whole process has been divided in five stages, each of them explaining a different level of 

specification. According to this, the animal begins its differentiation by a cytoplasmatic polarity, 

the consequence of maternal effect genes that produce mRNAs (distributed in different regions 

of the egg). With that, transcriptional and translational regulatory proteins diffuse through the 

blastoderm to regulate the expression of gap genes, the next stage. These genes encode other 

transcription factors responsible for the activation or repression of pair-rule genes. The proteins 

encoded by these genes lead us to the next stage, the activation of segment polarity genes. In 

this stage, the embryo is divided in 14-segment-wide units, and it shows a higher complexity. 

Finally, this hierarchy of genes act together to regulate another class of genes, the homeotic 

selector genes. Once mentioned this process, the reader can get more details in the following 

chapters. 

 

 

 

 

 

 

 

 

 

Fig. 1: generalized process of segmentation in D. 

melanogaster. Maternal effect genes generate gradients of 

proteins throughout the embryo, activating the gap genes. 

These genes divide the embryo into wide segments and 

enable the expression of pair-rule genes, each of them 

dividing the embryo into regions of two segments wide. 

Finally, segment polarity genes determinate different 

segment-sized units along the anterior-posterior axis. In 

association, all these genes define the spatial domains of the 

homeotic genes.  
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2. First stage (maternal effect) 

Early anterior-posterior axis specification in Drosophila melanogaster is induced by different 

messages placed in various regions of the egg. In the end, three sets of genes are responsible 

for that: 

• Genes that define the anterior organizing centre: this region acts through a gradient of 

Bicoid protein. This protein acts as a transcription factor or a translational repressor. 

• Genes that define the posterior organizing centre: 

this region acts through a gradient of Nanos 

(translationally) and Caudal protein 

(transcriptionally). 

• Genes that define the terminal boundary regions. 

The transcription factors encoded by these genes activate 

other regions of the DNA, the gap genes.  

 

 

 

 

3. Second stage (gap genes) 

The gap genes have been defined with this name because mutants lacked large regions of the 

body. When they are activated (by maternal effect genes), they form one or two broad domains. 

There is a wide selection of these gens, but due to the significance that they have it is important 

to highlight specifically four of them: Krüppel, knirps, hunchback and giant. These genes usually 

show low levels of transcriptional activity, but Hunchback gradient is important in initiating the 

expression patterns. 

Combined the action of Hunchback and the maternal effect genes, the embryo stablishes the 

initial gap genes expression patterns. At this moment, the stabilization and the maintenance 

depend on the repressive interactions between the different gap genes products. 

Fig. 2: anterior and posterior organizing centres defined by 

the translation of Bicoid mRNA (anterior) and Nanos mRNA 

(posterior).  
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With this, it is finally created a network of overlapping gap mRNA in which every domain serves 

to move the gap proteins into adjacent embryonic regions. 

 

 

 

 

 

 

 

 

4. Third stage (pair-rule genes) 

Here it is stablished the first indication of segmentation in the embryo, because of the 

transcription patterns that these genes conform. The final result is a division with different 

regions, precursors of the segmental body plan. Nowadays, it is considered that eight genes are 

the creators of this fashion. Control over expression is mediated by gap proteins, in a discrete 

region of the DNA with binding sites specific to these proteins.  

The transcription pattern of the pair-rule genes becomes stabilized by interactions among their 

products. Those named as primary (hairy, even-skipped and runt) regulate the activation or the 

inhibition of the secondary pair-rule genes. 

Once the eight known pair-rule genes are expressed they build stripped patterns that are not 

coincident with each other. That is why a parasegment has its own array of products that makes 

it unique to the other. Finally, these products activate the segment polarity genes, the next 

stage. 

 

 

 

Fig. 3: interactions between the different gap genes 

products. The lines represented in red simulate the 

repression of some by the action of others. 
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5. Fourth stage (segment polarity genes) 

All the processes described untill now were based in molecular interactions located in the 

syncytial embryo. However, as we advance in the formation of the fly, interactions take place 

between cells and they are regulated by the segment polarity genes, those that reinforce the 

parasegmental periodicity established by the anterior genes and determinate the cell fates.  

The process in this case is pretty much complex but, in the end, it depends on the activity of 

three genes. When engrailed is expressed (because of high levels in specific pair-rule genes 

transcription factors), it translates a protein with action in the same cell. The result is the 

activation of the genomic regions called hedgehog, generating a considerable amount of protein 

diffusion. Then, receptors in adjacent cells recognize these molecules and they generate a 

response to activate a gene called wingless. Furthermore, the wingless-secreting cells maintain 

the expression of the engrailed and hedgehog genes in their neighbours in turn.  

Following these interactions, it can be 

distinguished in the animal a succession of 

cells secreting one or other products. This 

differentiation gives entry to the final steps 

by which the Drosophila melanogaster 

accomplishes its body plan. 

 

 

 

 

 

 

 

 

 

Fig. 4: representation of how the engrailed and 

wingless segment polarity genes interact. (A) 

Their expression depends on the pair-rule genes. 

At high concentrations of Eve and Ftz the 

engrailed transcription is activated. When there is 

lack of these proteins, wingless is expressed. (B) 

There is a cell-to-cell communication that begins 

with the diffusion of wingless protein. This 

molecule is recognized by a specific receptor in the 

cells responsible for the engrailed products. When 

it binds, a cascade arrives to the nuclei and there 

it allows the transcriptional process. Once the 

products are formed, they diffuse to the wingless 

cells and stimulate the action of these segment 

polarity genes. 
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6. Homeotic genes  

Final structures in Drosophila melanogaster show up when pair-rule and gap genes are 

interacting simultaneously. Their function relies on dividing the embryo in the different 

parasegments mentioned above, but they regulate the homeotic selector genes too, which 

specify the characteristic structures of each segment in the adult fly.  

Two regions of chromosome 3 contain most of these genes. The first one is known as 

Antennapedia complex. It determines the head segments and contributes to give the thoracic 

segments their identities. The second region is called 

bithorax complex, containing the information for the 

identity of the third thoracic segment and 

responsible for the segmental identities of the 

abdominal segments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: schematic vision of homeotic genes expression. It is represented 

with a type of bar the different regions in the chromosome 3. The two 

regions mentioned in the explanation are specified and marked with 

different colours depending on which segment is being treated. 
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