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The Drosophila retina is a highly ordered tissue in which cells adopt specific patterns with regularity reminiscent of 

inorganic crystal structures. Through morphogenesis, a coordination of cell growth and shape changes, unorganized 

epithelial sheets give rise to biologically active tri-dimensional structures, such as the Drosophila eye. Morphogenesis is 

driven by forces resulting from the subtle interplay of genetics, biochemistry and cellular mechanics. Most of the 

current knowledge is derived from fluorescence microscopy techniques that allow the imaging of cell patterns 

formation processes. However, it is only by adopting a system approach by integrating notions and tools borrowed 

from other fields such a fluid mechanics, material physics and computer sciences that it will be possible to fully 

understand the mechanisms underlying the formation of the Drosophila retina. More particularly, there is a need to 

make a transition from qualitative observations to robust and reproducible quantitative data. 

The goal of this project was to develop an image-processing program that could be used to extract information about 

cells, borders and vertices from a previously delineated fluorescence microscopy picture of the developing Drosophila 

retina and organize this data in a query-able format, allowing various quantitative analyses to be performed. 

The image-processing software was programmed using Mathematica and allowed the quantitative analysis of 

biologically relevant features through a user-friendly interface. The distribution of size and number of neighbors were 

determined in a region-specific manner. Cells in the patterned regions (morphogenetic furrow and post-furrow) tended 

to have narrow distributions both in size and in number of neighbors in opposition to the unorganized pre-furrow 

regions where both distributions were found to be much broader. This might indicate that these analyses could serve 

as a basis to quantify the degree of disorder of epithelial tissues. Moreover, it was shown the numbers of neighbors of 

adjacent cells were dependant and that this dependency varies from a region to another.  
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1. Introduction  
 

Despite their formidable complexity and diversity, multicellular organisms originate from a single fertilized cell. 

Through ontogenesis, the succession of steps required for the development of an organism from the embryo to 

its adult form, cells follow a rigorous genetically encoded construction plan that will eventually lead to the 

emergence of complex structures with specific functions and shapes, such as tissues and organs. The repertoire 

of cellular mechanisms to achieve this gargantuan task is rather limited: a cell can divide, grow in size, migrate, 

die (apoptosis) or undergo differentiation, a genetic-driven process during which cells gain specialized 

phenotypes, often accompanied by a change in shape to accommodate specific functions, such as the disk-like 

shape of red blood cells, conferring them a maximized surface area for gas transfers.  

Morphogenesis is a tightly -controlled coordination of cell growth and shape changes that allow unorganized 

groups of cells to adopt defined and biologically active tri-dimensional structures. Cells are subject to a complex 

physiological environment and must maintain homeostasis by exhibiting two seemingly antagonistic properties: 

robustness to resist to various external forces and plasticity to allow the remodeling in case adaptation to new 

conditions is necessary (Lecuit and Lenne, 2007). Cellular fate is not solely dependent on genetic programming 

but is also heavily affected by cellular mechanics. Understanding the interplay between molecular mechanisms 

and the intrinsic physical properties of the cells and tissues can be challenging. The extensive study of model 

organisms such as Drosophila combined with mathematical modeling and computational simulations are starting 

to reveal some biological and mechanical aspects of the processes involved (Lecuit and Le Goff, 2007).  

1.1 The Drosophila  retina and its development  

 

This section of the report introduces the Drosophila retina and summarizes the current understanding of its 

formation during the development of the organism. If not otherwise specified, the information presented here is 

ÔÁËÅÎ ÆÒÏÍ ÔÈÅ Ȭ0ÁÔÔÅÒÎ ÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅ Drosophila ÒÅÔÉÎÁȭ ÃÈÁÐÔÅÒ ÏÆ Ȭ4ÈÅ ÄÅÖÅÌÏÐÍÅÎÔ of Drosophila 

melanogasterȭ (Bate and Martínez Arias, 1993). In addition, complementary insights from the recent literature 

are mentioned. 

 
Figure 1 Pictures of the eye of a fly at different magnification levels. A Macro-photography of a fly B Detailed view of the eye of a fly 
C Electron micrograph of DrosophilaΩǎ ŜȅŜ όƛƳŀƎŜǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ .ƻǊŜŘ tŀƴŘŀ ǿŜōǎƛǘŜΥ http://www.boredpanda.com) 

 

With the help of simple magnification devices or even with naked eyes, the highly patterned structure of the eye 

of a fly can easily be distinguished (Figure 1 A and B) but it is only by using high resolution techniques such as 

electron microscopy that is possible to appreciate the incredibly ordered nature of the DrosophilaȭÓ ÖÉÓÕÁÌ 

sensory organ (Figure 1 C). The compound (or unit) eye of Drosophila melanogaster is made up of approximately 

750 facets or ommatidia, which are microstructures acting as lenses and containing photosensitive cells.   
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Figure 2 Cellular architecture of Drosophila ommatidia A Composition of the adult ommatidium B Retinal fly epithelium with E-
cadherin labeled in green C and D Cross-section view (C) and side view (D) schematics of an ommatidium at 35% pupal life (plc = 
polar cone cells, ac = anterior cone cells, pc = posterior cone cells, eqc = equatorial cone cells, pp = primary pigment cells, tp = 
tertiary pigment cells, sp = secondary pigments cells, b = bristles). A is reproduced from (Bate and Martínez Arias, 1993), B from 
(Lecuit and Lenne, 2007), C and D from (Hayashi and Carthew, 2004) 

 

The adult ommatidium is composed of 19 cells (Figure 2.A). The main part of the structure is made up of eight 

photoreceptor cells (R cells) that are elongated along the proximo-distal axis of the retina and bundled in a 

cylindrical  fashion. Each of these cells posses a region rich in rhodopsin (a pigment part of the light detection 

mechanism) called rhaÄÏÍÅÒÅȟ ×ÈÉÃÈ ÈÁÒÂÏÒÓ ÓÏÍÅ φπȭπππ ÍÉÃÒÏÖÉÌÌÉ ÔÈÁÔ ÁÒÅ ÐÒÏÊÅÃÔÅÄ ÔÏ×ÁÒÄÓ ÔÈÅ ÃÅÎÔÅÒ ÏÆ 

the cylindrical structure. This central part of an ommatidium, often referred as the rhabdom, is sealed at the top 

and bottom by four cone cells and wrapped into two primary pigment cells. Both cone and primary pigment cells 

secrete a chitinous material that forms a biconvex corneal lens at the top of the structure. Sheath of secondary 

pigment cells surround the ommatidium, optically insulating it from other facets. Each vertex of the hexagonal 

shape (Figure 2 B) is made up of either a bristle or a secondary pigment cell.  

 

While eye cells specialization mainly occurs during the last two thirds of pupal life, the structural patterns are 

already final around 35% of the development (as shown on Figure 2 C and B compared to A). The unpatterned 

monolayer of cells that will give rise to the retina originates from the blastoderm of the embryo. A few cells of the 
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dorsolateral ectoderm will eventually form the eye-antennal imaginal disc after involution of the head. Through 

the two first instars to the beginning of the third, the disc grows by a succession of cell divisions. Once the disc 

attains an appropriate size (it is estimated that ÁÒÏÕÎÄ ρπȭπππ ÕÎÐÁÔÔÅÒÎÅÄ ÃÅÌÌÓ ÁÒÅ ÒÅÑÕÉÒÅÄ ÆÏÒ the formation 

of 750 facets), the proliferation process slows down. At this point, the morphogenetic furrow, an indentation in 

the imaginal disc, appears at the intersection of the posterior margin of the eye disc and the midline (Kumar, 

2001), as shown in Figure 3.A and B.  

 

 
Figure 3 Different representations of the morphogenetic furrow. A Schematic of the Drosophila eye imaginal disc B Picture of the 
Drosophila imaginal disc stained for atonal (green), forming ommatidia are in red C 3D representation of the indentation of 
epithelial cells D Sagittal section of a developing eye labeled for F-actin (red) and Dig (green), ppm=peripodial membrane, MF 
shows the morphogenetic furrow E Apical surface area of the cells, the red line represents the position of the morphogenetic 
furrow. A and B are reproduced from (Kumar, 2001), C from (Lecuit and Lenne, 2007), D is adapted from (Corrigall, Walther, 2007) 
and E is reproduced from (Corrigall, Walther, 2007) 

 

The furrow results from an apical constriction of the imaginal disc cells (Figure 3.C), which is a conserved and 

fundamental cell response in developmental biology (Lecuit and Lenne, 2007). Cell constriction involves the 

accumulation of F-actin in the apical surface of the cells and the action of non-muscle Myosin II which provides 

the mechanical force leading to a dramatic decrease in the surface area of the cells and eventually the bending of 

the structure as shown in Figure 3.D and E (Corrigall, Walther, 2007). The morphogenetic furrow can be pictured 

as a wave travelling across the unpatterned epithelium with ommatidia forming in its wake (Figure 4.A). The 

first discernable pattern to emerge is a rosette made up of 10 to 15 cells with a 4-5 cells core. After dissociation 

of the anterior cells, the structure elongates and forms an arc. Anterior cells join along the midline and leads to a 

five cells pre-cluster. New rows of ommatidia precursors appear every 1.5 hours and 20 minutes separate two 

clusters in a given row (Figure 4.A). 

 


