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Structural Connectivity Within Neural Ganglia: A Default Small-World Network
Ould Ismail, A.A.O.; Grant, S.C. (FSU, NHMFL, Chemical and Biomedical Engineering) and Amouzandeh, G. (FSU, Physics)
Introduction

Structural connectivity within isolated abdominal neural ganglia of Aplysia californica (ABG) is assessed by integrating diffusion tensor imaging (DTI) and network theoretical analysis. For ABG, findings demonstrate a default structural network with preferential specific small-world properties when compared to simulated lattice and random networks that are equivalent in order and degree1.  
Experimental


Diffusion data were acquired for ten samples (N = 10) at 11.75 T using a 500-MHz widebore vertical magnet at the FAMU-FSU College of Engineering. DTI was acquired using a multi-slice 2D spin-echo sequence with the following acquisition parameters: Δ=21 ms, δ=3 ms, matrix = 100×100, TE = 30 ms, TR=2 s, FOV=5x5 mm, slice thickness = 150 μm, in-plane resolution = 50×50 μm and 19.5-h acquisition time. A total of 22 pulsed field experiments were used to encode diffusion. Sixteen ROI-based nodes in each ganglion were used to establish a track network. The graph properties of experimental data were extracted using MATLAB to obtain the clustering coefficients, local and global efficiency, and characteristic path lengths of the binary matrices2.
Results and Discussion


The experimental networks exhibit small-world properties when quantitatively evaluated using novel small world metric3 ω and small worldness4 σ (Fig. 3). The lack of significance between immediate geometric neighbors with respect to the weighted clustering coefficient demonstrates the graph’s preference for more critical hubs on the periphery of the ganglion that have a higher number of interconnections within closed clusters even though there exists a lower centrality, suggesting that the information circulated among these peripheral hubs is critical.
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Conclusions

This study underscores the utility of applying graph theory to assess neural networks, even approaching the cellular level. The demonstrated default structural connectivity and small-world efficiency suggest that the quantifiable graph properties of and even within neural tissue have the potential to be used as biomarkers that can be investigated against various variables. Taking a structural approach, this study evaluated DTI tractography and employed graph theory even in the absence of major white matter tracts.
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Fig 1: (left) 16 local communities to assess DTI-based connections between nodes in an ABG. (middle) Reconstruction of the binary inner-connections for the ganglion and nodal communities of (g); (right) Weighted connections in which line thickness corresponds to the relative density of connections between nodes.





Fig 2: (A) The small worldness coefficient recognizes small world network for >1; however, this criteria also would include latticized networks. (B) small world metric  is capable of locating the network of interest on a continuum from lattice to random properties. Experimental data are presented as mean ± standard deviation.









