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Brain parcellation

From histology

To multimodal
MRI



Algorithm

Markers

Local

Histology-based:
* Cytoarchitecture
* Receptors

* Myelin

MRI-based:
* Myelin
* Meta-analytic activation modelling

Global

MRI-based:

* Resting-state functional connectivity
* Meta-analytic connectivity modelling
* Diffusion tractography

e Structural covariance

Boundary mapping

Clustering or factorization

Border detection in cortex based
on cytoarchitecture

Clustering of amygdala voxels
based on their activation in
behavioural paradigms

Boundary mapping of resting-state Clustering of cerebral cortex
functional connectivity of cerebral based on resting-state
cortex functional connectivity

Eickhoff, Yeo & Genon, 2018, Nat. Rev. Neurosci.



Connectivity-based parcellation (CBP)
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Type of
connecti
vity

Data

Approach

Main
method

How to estimate connectivity ?

Functional Co-plasticity Structural
(white matter)

Task-based fMRI Resting state fMRI Anatomical MRI Diffusion MRI

Task-based: Resting-state: Morphometry- Diffusion-based:
Activation during Signal fluctuations at rest based: Estimation of fiber

task Structural co- direction
variation in the
population

Meta-Analytic Cross-timepoint correlation Correlation of Probabilistic diffusion

Connectivity in signal fluctuations local GM across tractography
Modeling (MACM) (RSFC) subjects (SC) (PDT)

voxel A &

VBM-estimated
tissue value

Eickhoff, Yeo & Genon, 2018, Nat. Rev. Neurosci.



CBP: how ?

1) Region of Interest:

Dorsal Premotor Cortex:

Interface between prefrontal and primary motor

3) Clustering/factorization

Reordered similarity matrix

2) Connectivity matrix

Seed voxels

Individual voxels in the ROI

5000 10000 15000 20000 25000

Whole brain grey matter voxels

Individual voxels in the ROI

Genon et al., 2017, Cerebral Cortex



Convergence between connectivity modalities

Reordered similarity matri
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5000 10 000 15000 20000 25 000

. 1000 2000 3000 4000
Whole brain grey matter voxels Indivicual voxels in the RO

Genon et al., 2017, Cerebral Cortex



Local microstructure VS
large-scale functional integration
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Plachti et al., 2019, Cerebral Cortex; Plachti et al., 2020, Brain



Local microstructure and
large-scale functional integration
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Plachti et al., 2019, Cerebral Cortex; Plachti et al., 2020, Brain



Local microstructure and
large-scale functional integration

Task co-activation Resting-state Structural covariance MRI-based local Histology-based
functional connectivity microstructure local structure
Parcellations Robinson etal. (2015) Zhong etal. (2013)
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Task co-activation Resting-state Structural covariance MRI-based local Histology-based
functional connectivity microstructure local structure
Gradients Vos de Wael etal. (2018) Vos de Wael et al. (2018) Kharabian et al. (2020) Vos de Wael etal. (2018) Paquola et al. (2020)
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Genon et al., 2022, Trends in Neuroscience



CBPtool for different connectivity modalities:

®dMRI Input @ rsfMRI Input

BEDPOSTX output Resting-state time-series

Upsample
Decrease voxel size of the
seed mask

Seed extraction

Target Mask p| Remove seed voxels from Increase voxel size of the Remove every second voxel

Seed Mask Target Mask Seed Mask Target Mask
ROI NIfTl image Feature NIfT| image B ROI NIfTl image Feature NIfT| image
Masks /
Median Filter
Seed Mask Apply a median filter to the
seed mask

Downsample + Subsample

the target mask target mask of the target mask
v
C 1 "
Connectivity /
Signal Cleaning Apply Masks Compute Connectivity Transform
Smoothing, confound Mask input time-series with | Linear correlations between pp| Fisher's Z and/or PCA
regression, bandpass filter | |seed and target masks masked time-series transform connectivity

PROBTRACKX2 Transform

Probabilistic tractography Cubic and/or PCA
giving a connectivity matrix transform connectivity

https://github.com/inm7/cbptools Reuter et al., BSF, 2020



https://github.com/inm7/cbptools
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CBPtool for different connectivity modalities:

A 4

Connectivity /

Signal Cleaning
Smoothing, confound
regression, bandpass filter

Apply Masks
Mask input time-series with
seed and target masks

Compute Connectivity
Linear correlations between
masked time-series

Transform
Fisher's Z and/or PCA
transform connectivity

PROBTRACKX2 Transform
Probabilistic tractography Cubic and/or PCA
giving a connectivity matrix | | transform connectivity
® = :
Connectivity Input D) F) y
Clustering Grouping /
Custom Connectivity Matrices
Hierarchical Clustering
Seed Mask Seed Coordinates Cluster subject labels
ROI NIfTI image 2D NumPy array
h 4
f |
E) . Relabeling
s Use hierarchical clustering
@ N\ Valid lty / result for relabeling
Output v
\( Group Clustering

NIfTI images
Seed masks with
marked clusters

Interim Results
Results of all
intermediate steps

Compute the mode of the
relabeled subject labels

2 v

H ¥ X G
Similarity /

Reuter et al., BSF, 2020

Spreadsheets Figures
Tab-delimited files Various plots of the

with validity scores output statistics
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https://qithub.com/inm7/cbptools



https://github.com/inm7/cbptools

Take home messages

Brain parcellation

= a very wide set of methods to identify brain regions and/or networks
From histology to MRI-based connectivity

To understand and/or to represent brain organization and data
Convergence and divergence between mapping features

Resource for CBP:

CBPtool, user-friendly and flexible pipeline for connectivity-based
parcellation https:/github.com/inm7/cbptools
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https://github.com/inm7/cbptools
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