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In plant cells, because of lacking microtubule organizing center like centrosome in animal 
cells, the self-organization of cortical microtubules (CMTs) during different phases of cell 
cycle is a long-standing mystery in cell biology [1, 2]. Recently, with the emergence of new 
experimental results [3, 4], several interesting models reveal the mechanism of the 
formation of cortical microtubule nematic array [5, 6]. Here, we consider a model of CMT 
rods on a 2D-substrate with exclude-volume effect. We explicitly take into account of 
microtubule width in our simulation, which was neglected in previous models. We find that, 
with the increase of microtubule width, discontinuous disorder-order transition is delayed. 
The system initiates a continuous transition before the final discontinuous jump of nematic 
order parameter. We establish a phase diagram, and further analyze the effects of dynamic 
events like microtubule catastrophe and zippering on the nature of phase transitions. We 
find that the well-known zippering event, which was considered a dominant factor giving 
cortical array, actually doesn’t necessarily enhance the global nematic order. With the 
increase of critical zippering angle, it enhances the formation of small microtubule bundle. 
At the same time, these small bundles can block each other and make the system globally 
isotropic. Under certain conditions, the competition between these two factors gives rise to 
an optimal zippering critical angle for global nematic order.  
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