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INTRODUCTION 

The Drosophila wing exhibits a well-ordered cell pattern, 

especially along the posterior margin, where hair cells 

are arranged in a zigzag pattern in the lateral view. 

 

Based on an experimental result observed during 

metamorphosis of Drosophila, the model consideres that 

a pattern of initial cells autonomously develops to the 

zigzag pattern through cell differentiation, intercellular 

communication, and cell death (apoptosis). 

 

Computer simulations of a cell-based model of vertex 

dynamics for tissues were performed. 



EXPERIMENTAL OBSERVATIONS 

The posterior part of the Drosophila wing margin is 

covered with long hairs sourced from hair cells arranged 

in a zigzag pattern in the lateral view. 



EXPERIMENTAL OBSERVATIONS 

According to their observations, this zigzag pattern is 

created by selective apoptosis of wing margin cells that 

are spatially separated from hair cells, which rearranges 

the remaining wing margin cells in a well-ordered manner. 

The hair cells send signals to their directly neighboring 

cells, preventing their apoptosis. 



THE ENERGY 

The energy of the system is: 
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CELL TYPES 

We assume four cell types in the epithelial tissue of the 

Drosophila wing margin: hair cells, inter-hair cells (surviving 

cells between hair cells), tooth cells (cells adjacent to a hair 

cell, which are expected to survive), and apoptotic cells 

(cells that are going toward death or shrinking). We express 

the four cell types by H, I, T, and A, respectively. 

 

 



CELL TYPES 



CELL PATTERN 

Based on their experimental results, a model was extracted  

for establishing an interlocking cell pattern of the posterior 

wing margin ( ‘‘ideal zigzag cell pattern’’) 



STABILITY 

Now we can estimate the interfacial energy densities in our 

model by finding stability conditions of the ideal zigzag cell 

pattern. It is stable if in the basic unit three interfacial forces 

acting on each of vertices A, B, and C balance with each 

other under zero elastic forces. 



STABILITY 

Assuming that 𝛽 = 𝛾, which approximates the experimental 

results, we solve the five simultaneous equations with respect 

to angle 𝛽 and we obtain: 

Where 𝜀 =
𝜎∗𝐼𝑇

𝜎∗𝑇𝑇
. Using 𝛼 = 37°, which was measured 

experimentally, they used 𝜀 as a fitting parameter and 

obtained the best zigzag pattern at 𝜀 = 1,5. 



APOPTOTIC PROCESS 

Based on experimental findings, we specify cells having no or 

small contact with hair cells as preapoptotic cells, and define 

time 𝑇𝐴 as the time required for the preapoptotic cells to 

almost complete their apoptosis. After 𝑡𝐴𝜇, the equilibrium 

area of apoptotic cell m is then given by: 

Each preapoptotic cell is indistinguishable from a tooth cell 

before its apoptosis starting time, and enters the apoptotic 

process after that time. We have defined tooth cells as cells 

that touch hair cells and can receive an apoptosis-inhibition 

signal, and preapoptotic cells as cells that are distant from 

hair cells and cannot receive an apoptosis-inhibition signal 



DYNAMIC DEFORMATION OF 

OUTER FRAME 

According to the experimental results, cells at the posterior 

margin of the wing are elongated along the wing margin (x 

direction).Consequently, the aspect ratio of a cell, λ =
𝑙𝑥

𝑙𝑦
 (where 

𝑙𝑥 and 𝑙𝑦 are the maximum lengths of the cell in the x and y 

directions, respectively), increases during the wing formation. 

The elongation of the wing-blade epithelial tissue can be 

modeled as deformation of the outer frame (system boundaries 

(𝐿𝑥 x 𝐿𝑥)) in our case, which is described by a time-dependent 

aspect ratio λ 𝑡 =
𝐿𝑥

𝐿𝑦
, given by: 

We assume that the time variation of the aspect ratio is 

caused by an external force. 



RESULTS 



RESULTS 

The preapoptotic cells (20) begin apoptotic process at 

their randomly selected times. At 𝑡 = 5, one apoptotic 

cell has already disappeared; two apoptotic cells, which 

are two white cells (enclosed with a circle), are 

undergoing apoptosis; and the remaining 17 

preapoptotic cells have not yet started the apoptotic 

process. The hair cells (asterisk) have already elongated 

in the x direction, but the interhair (open circle) and tooth 

(plus-sign) cells remain roundish. 

 

Here, the final state has been defined as a state where 

all the basic units (vertical H-T-I) properly interlock each 

other like in the ideal zigzag pattern for the first time. 



RESULTS 

The final state has been defined as a state where all the 

basic units (vertical H-T-I) properly interlock each other 

like in the ideal zigzag pattern for the first time. 



RESULTS 

Starting from a different initial condition: 



RESULTS 

Simulation without boundary elongation: 



RESULTS 

To achieve the ideal zigzag cell pattern, it is necessary 

that one hair cell touches one tooth cell at the initial time. 

To show this, we performed a simulation with an initial 

state in which one hair cell touched two tooth cells 

(called a‘‘1H2T-initial state’’): 



CONCLUSION 

The zigzag pattern of hair cells in Drosophila wing is 

formed by an autonomous communicative 

process/physical process among the participant cells. In 

the course of this study, we have established a 

framework to study apoptosis-triggered patterning during 

morphogenesis. 
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