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Inference from causal networks for neural ensemble activity.
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Editorial
The interactions between cellular components that make up a 
mesoscopic size brain network (microcircuit) exhibit distinct 
neural dynamics. Microcircuit analysis gives system-level 
knowledge of health and disease neurobiology. The goal 
of causal discovery is to find causal connections between 
variables using observational data. The large dimensionality of 
the variable space is a major impediment to causal discovery. 
To reconstruct causal networks using calcium imaging or 
electrophysiological time series, a technique dubbed Causal 
Inference for Microcircuits (CAIM) has been suggested. CAIM 
integrates neural recording, Bayesian network modelling, 
and neuron grouping into a single algorithm. CAIM reliably 
showed causal connections among brain clusters in validation 
tests based on simulated data and a real-world reaching task 
dataset. The presence of a particular pattern of connection 
across neighbouring neurons during cognition and emotion is 
increasingly supported by experimental and computational data. 
The interactions between cellular components that make up a 
mesoscopic size brain network (microcircuit) exhibit distinct 
neural dynamics. A microcircuit is at the heart of the brain's 
capacity to process information. It performs a region's particular 
calculation. Computational analysis of ensemble brain activity, 
in contrast to experimental developments in neural recording 
methods, is still in its infancy. The identification of causality 
is a key challenge in microcircuit analysis. The goal of causal 
discovery is to uncover causal structures using observational 
data. Several computer approaches for inferring causal networks 
from ensemble brain activity have been developed, including 
Granger causality, and conditional independence inference 
based on Dynamic Bayesian Networks (DBNs).

High dimensionality is a significant obstacle to causal discovery 
from numerous time series. Calcium imaging, for example, 
may detect the activity of hundreds of neurons in an ensemble. 
Applying causal discovery methods haphazardly to such high-
dimensional data leads to a slew of issues. First, this naive approach 
ignores the microcircuit's inherent hierarchical nature. Neurons 

frequently form clusters, and neurons in the same cluster have 
functional profiles that are comparable. In the dorsal striatum, 
for example, D1 and D2-Medium Spiny Neurons (MSNs) are 
organised into spatially compact clusters. Causal Inference for 
Microcircuits (CAIM), the suggested technique, seeks to rebuild 
causal mesoscopic-scale networks using observational calcium 
imaging or electrophysiological time series. CAIM integrates 
neural recording, Bayesian network modelling, and neuron 
grouping into a single algorithm. CAIM uses clustering to 
organise neurons into clusters to solve the high-dimensionality 
challenge. CAIM use DBNs to detect conditional independence 
in order to address the causal discovery problem. CAIM allows 
us to progress toward a circuit-based understanding of the brain, 
in which behaviour is understood to be the outcome of precise 
spatiotemporal patterns of circuit activity connected to specific 
neuronal populations. Synchrony analysis and causal discovery 
are two types of network analysis (or connectivity analysis) 
approaches for brain signals. An undirected graph is created 
during synchrony analysis. Synchrony has been researched 
extensively in neuroscience. The relationship between two 
neurons has been measured using correlation, partial correlation, 
and mutual information. Experiments that are planned or 
randomised are the gold standard for establishing a causal link. 
Many investigations of causal discovery from multiple time 
series from non-neuroscience fields, such as inferring gene 
regulatory networks from time-series gene expression data, 
have been published.
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