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Structure-Function in Neuroscience

IS Figure From: Linden and Farrugia In: Disorders of Images from Dogiel, 1899 Republished in Furness, 2004, The
CLINIC the Autonomic Nervous System 3rd Ed. Enteric Nervous System and Courtesy of Tomsk State University
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Single Cell Enteric Neuron Analysis

A. Myenteric Neuron Classes B. Submucosal Neuron Classes
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Morarach etal., 2021 Nat. Neurosci. 24:34-46
Melo et al., 2020 Neurogastroenterol Motil 32:€13989
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: morphologies and physiology that

uniquely contribute to intestinal function
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Model and Methods

Mouse IPAN Project

Ashley Harb
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+ Rotation Multipoin | | SNoV * 20xobjective
« Intensity thresholding * 1024 x 1024 dpi
+ Three-dimensional cropping ¢ 1.35 AU pinhole
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Created with BioRender.com




Single Cell 3D Reconstruction
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Three Cell Morphologies Based on Soma Location
and Branching Pattern

“Submucosal Cells eHigth—Branching Myenteric Cells
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Al/ML Collaboration

e~
i q
)
Machine Learning HUman-in-the-IOOp Semi Automatic Reconstruction

Kamrul Foysal

Jejunum

Proximal =i Automatic Neuron Mapping

Colon

Distal -
Colon/ *

Data Acquisition

L
s ey

Na‘honal Inshtutes of Health Ext;:act;d Features Clustering Algorithm Neuron Clusters
Office of the Director, Executive Secretariat

Created with BioRender.com

MAYO
(@RI (@

Wy




Semi-Automated Human-in-the-Loop Al Assisted Mapping
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Machine Learning
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« Dataset Trained on C. elegans neuron

Al Assisted Pre-Mapping

« Connect 3D Shapes, Cleans Data

« Suppress Background

A
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CLINIC CNN Model
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User Mapping Function

« 3D Graph Search
* Dijkstra’s Algorithm

* A Star Search Algorithm

; ‘ « Broken paths can
be connected.

« User defines the
o : Start and the End

" T of the Neurite
Branch.

« The mapping Is
performed in 3D.

MAYO
(@RI (@

Wy



MAYO
(@RI (@

Wy

Mapping Function: Neurite Extraction

Traced 3D Voxels act as
3D Volumetric Mask

Intensity Variation is
captured within mask

Adaptive histogram
equalization extracts the
neuron structure

The whole neuron is one
single connected object

Original Neurite Intensity

3D Volumetric Mask

Neurite Strand



Application to Broad Neuroscience Field

Chuck Howe

Mapped Neuron Neuron Mask in 3D
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| Franklin and Paxinos The Mouse Brain
In Stereotaxic Coordinates 3@ Ed. 2008.
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Hybrid Automated Enteric Neuron Mapping Model

Flood Filling Network .
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Soma Segmentation

Input Data

Skeleton Segmentation
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Conclusions

Diversity of Intrinsic Primary Afferent Neurons (IPANs)
Jejunum

Al / ML Supports Aims of
Parent RO1

- Enhanced Throughput
- Enhanced Objectivity

Creation of Neuron
Morphology Datasets for
Future Al / ML

« Ground Truth to Improve Fully
Automated Al/ML Models

* Applicability to Broad
Neuroscience Community
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