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We applied quantum computing to the causal exploration of whole-brain activity in mice, aiming to
identify causal relationships in activity propagation that are difficult to extract with traditional
classical methods. Specifically, we utilized the gLINGAM method, which employs quantum kernels
to perform causal exploration even with a small number of time-direction samples (PLoS One
18:€0283933, 2023).

First, we set regions of interest (ROIs) suitable for causal exploration based on time-series data
from functional magnetic resonance imaging (fMRI) of whole-brain activity in mice. The number of
voxels in the fMRI images exceeded 1.2 million, making direct causal exploration infeasible. In the
fMRI data, the CA1 region of the left hippocampus in the mouse brain was artificially activated
using an optogenetic method (PLoS One 10:e0121417, 2015). Therefore, we selected
approximately five ROls, including the CA1 region, the upstream CA3 region, the dentate gyrus,
and the downstream subiculum based on neural fiber projections. To construct these ROls, we
used the flexible annotation atlas (Scientific Reports 11:6234, 2021).

We then analyzed the propagation destinations of CA1 activity using both the classical
DirectLiNGAM algorithm and the quantum gLiINGAM algorithm. The results showed that even
when causal relationships were extracted from the activity propagation starting from CA1, they
sometimes contradicted the neural fiber projections (e.g., CA1 region - CA3 region — dentate
gyrus) or identified the artificially activated CA1 region as the end point rather than the starting
point. Moreover, the results were inconsistent between the causal exploration methods, making
interpretation difficult.

These findings indicate that there are specific challenges in using optogenetic fMRI data for causal
exploration. The low temporal resolution of fMRI data (0.6 Hz) and the unusually large brain activity
induced by optogenetic methods necessitate innovative approaches to measurement and analysis

in future research.
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(PLoS One 18:€0283933, 2023) .
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2. MAKREEDOHE (F:R)
We applied quantum computing to the causal exploration of whole-brain activity in mice, aiming to identify|
causal relationships in activity propagation that are difficult to extract with traditional classical methods.
Specifically, we utilized the qLINGAM method, which employs quantum kernels to perform causal exploration
even with a small number of time-direction samples (PLoS One 18:e0283933, 2023).

First, we set regions of interest (ROIs) suitable for causal exploration based on time-series data from functional
magnetic resonance imaging (fMRI) of whole-brain activity in mice. The number of voxels in the fMRI images
exceeded 1.2 million, making direct causal exploration infeasible. In the fMRI data, the CA1 region of the left
hippocampus in the mouse brain was artificially activated using an optogenetic method (PLoS One
10:e0121417, 2015). Therefore, we selected approximately five ROls, including the CA1 region, the upstream
CA3 region, the dentate gyrus, and the downstream subiculum based on neural fiber projections. To construct
these ROIls, we used the flexible annotation atlas (Scientific Reports 11:6234, 2021).

We then analyzed the propagation destinations of CA1 activity using both the classical DirectLiINGAM algorithm
and the quantum gLiNGAM algorithm. The results showed that even when causal relationships were extracted
from the activity propagation starting from CA1, they sometimes contradicted the neural fiber projections (e.g.,
CA1 region = CA3 region — dentate gyrus) or identified the artificially activated CA1 region as the end point
rather than the starting point. Moreover, the results were inconsistent between the causal exploration methods,
making interpretation difficult.

These findings indicate that there are specific challenges in using optogenetic fMRI data for causal exploration.
The low temporal resolution of fMRI data (0.6 Hz) and the unusually large brain activity induced by optogenetic




|methods necessitate innovative approaches to measurement and analysis in future research.
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