
 

Abstract: 
The motor-driven intracellular transport plays a crucial role in supporting a neuron cell’s survival and function. The 
disruption of transport may lead to the onset of neurodegenerative diseases. To study how neurons regulate the 
material transport process and have a better understanding of the traffic jam formation, we develop a PDE-constrained 
optimization model and an isogeometric analysis (IGA) solver to simulate traffic jams induced by MT reduction and 
swirl. We also develop a novel IGA-based physics-informed graph neural network (PGNN) to quickly predict normal 
and abnormal transport phenomena in different neuron geometries. The IGA-based PGNN model contains pipe and 
bifurcation simulators as well as a GNN assembly model. The well-trained model effectively predicts the distribution 
of transport velocity and material concentration during traffic jam and normal transport with an average error <10% 
compared to IGA simulations. To model neuron growth, we develop a new computational framework and an open-
source software package "NeuronGrowth_IGAcollocation.” We propose a novel phase field model with isogeometric 
collocation to simulate different stages of neuron growth by considering the effect of tubulin, including lamellipodia 
formation, initial neurite outgrowth, axon differentiation, and dendrite formation. Through comparison with 
experimental observations, we demonstrate similar reproduction of neuron morphologies at different stages of growth 
and allow extension towards the formation of neurite networks. Based on the IGA simulation data, a CNN model is 
built to efficiently predict the growth process. 
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