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Study of motor cortical circuits for motor learning
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We conducted two-photon calcium imagin? of thalamocortical axonal activity
in the motor cortex of mice learning a self-initiated lever-pull task. Layer 1 (L1) axons came to
exhibit activity at lever-pull initiation and termination, while layer 3 (L3) axons did so at
lever-pull initiation. L1 population activity had a sequence structure related to both lever-pull
duration and reproducibility. Stimulation of the substantia nigra pars reticulata activated more L1
than L3 axons, whereas deep cerebellar nuclei (DCN) stimulation did the opposite. Lesions to either
the dorsal striatum or the DCN impaired motor learning and disrupted temporal dynamics in both
layers. Thus, layer-specific thalamocortical signals evolve with the progression of learning, which

requires both the basal ganglia and cerebellar activities.



(M1)

M1
M1
M1
M1 (T0)
TC
A 2501
200+
& 1501
}émo-
501
; 10 20 % 10 20
1% v 3> Ty 3>
(ChR2)
M1 TC ChR2 M1
T
M1
GCaMP6f TC
M1 1 3 M1
4 um 3
3
TC
1 3 TC

TC



1 3
1 3
FEUHE ~ B
Lrt—wis [TTR HIBELERS = 1 R BIZR —m'—
: S—OT 204
e Bl IV — BE?EE‘E%?—F!W - , ‘u\‘
m— Ao S —
Success ? ¥ Success !
1
3
ChR2
TC 1
3 ChR2
3 1
TC
1 3
TC
M1
TC M1
7

Terada SI, Kobayashi K, Ohkura M, Nakai J, Matsuzaki M.  Super-wide-field two-photon
imaging with a micro-optical device moving in post-objective space. Nat Commun.

, 9, 2018. doi: 10.1038/s41467-018-06058-8.
Tanaka YH, Tanaka YR, Kondo M, Terada SI, Kawaguchi Y, Matsuzaki M. Thalamocortical
Axonal Activity in Motor Cortex Exhibits Layer-Specific Dynamics during Motor Learning.



Neuron. , 100 244 258.e12, 2018.
doi: 10.1016/j.neuron.2018.08.016.
Yoshida E, Terada SI, Tanaka YH, Kobayashi K, Ohkura M, Nakai J, Matsuzaki M. In vivo
wide-field calcium imaging of mouse thalamocortical synapses with an 8 K
ultra-high-definition camera. Sci Rep. , 8, 2018.
doi: 10.1038/s41598-018-26566-3.
Ebina T, Masamizu Y, Tanaka YR, Watakabe A, Hirakawa R, Hirayama Y, Hira R, Terada
SI, Koketsu D, Hikosaka K, Mizukami H, Nambu A, Sasaki E, Yamamori T, Matsuzaki M.
Two-photon imaging of neuronal activity in motor cortex of marmosets during upper-limb
movement tasks. MNat Commun. , 9, 2018. doi: 10.1038/s41467-018-04286-6
Kondo M, Kobayashi K, Ohkura M, Nakai J, Matsuzaki M. Two-photon calcium imaging of
the medial prefrontal cortex and hippocampus without cortical invasion. Elife.

, 6 e26839, 2017. doi: 10.7554/eLife.26839.

12

Matsuzaki M. Wide-field imaging of neural activity with high spatial resolution.
FAOPS2019, 2019
Matsuzaki M. Wide-field imaging of neural activity at cellular and subcellular
resolutions. Advances in Optical Imaging of Living Cells & Organisms: Focus on the
Brain, 2018 Cold Spring Harbor Asia Conference, 2018
. 41 ,
2018
Matsuzaki M. Dynamics of thalamocortical activity in the primary motor cortex during
motor learning. 44th Naito Conference, 2017
Matsuzaki M. Dynamics of thalamocortical activity in the primary motor cortex during
motor learning. The 40th Annual Meeting of the Japan Neuroscience Society, 2017
Matsuzaki M. Wide, deep, multi-color, subcellular-resolution imaging from any angle.
The 40th Annual Meeting of the Japan Neuroscience Society, 2017

. 39 , 2016
Matsuzaki M. Dynamic representation of innate and learned movements in the motor cortex.

7 , 2015

PCT/JP2016/072139
28

2016 184497
27



