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It is controversial how to segment functional areas of the mouse auditory cortex. Previous studies had two
biases: (1) they used only limited types of synthetic stimuli and (2) they selected candidate acoustic features
in advance. To address the issues, we recorded cortical responses to a set of naturalistic complex sounds and
analyzed them using machine learning techniques with no explicit hypothesis about acoustic features. Cortical
responses obtained by calcium imaging and 165 sounds were decomposed into major five components by applying a
matrix decomposition technique that was originally proposed for a human fMRI study. By comparison with classic
tonotopy and regression by acoustic features, we identified functional areas that correspond to areas called AAF,
A1, A2, DA, DM, and DP. Moreover, we found a new functional area outside the classical auditory cortex.
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Kjær 60–70 dB SPL

2.5
onset 1 F0

onset 2 F

ΔF/F0

1

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

1D4-J-1-03



165

affine

2.6

fMRI

[Norman-Haignere 15]

D 165 × 21504

N

D ∼ RW R,W 165

×N N× 21504 W

R,W

N

[Norman-Haignere 15]

1 hold out

Hold out 2

N

3.

3.1

165

[Norman-Haignere 15]

4

3.2
165

fMRI

[Norman-Haignere 15]

N 8

N = 5

F/F0

1 5

1 N = 5

3.3

2

1 A1, AAF

2 A2 A1

AAF 5 A1

DM [Tsukano 15]

F/F0

2 5

3 A1, AAF, A2

DA DP A1

4

[Guo 12] Guo, W., Chambers, A. R., Darrow, K. N., Han-

cock, K. E., Shinn-Cunningham, B. G., and Polley, D. B.:

Robustness of cortical topography across fields, laminae,

anesthetic states, and neurophysiological signal types,

Journal of Neuroscience, Vol. 32, No. 27, pp. 9159–9172

(2012)

[Issa 14] Issa, J. B., Haeffele, B. D., Agarwal, A.,

Bergles, D. E., Young, E. D., and Yue, D. T.: Multiscale

optical Ca 2+ imaging of tonal organization in mouse au-

ditory cortex, Neuron, Vol. 83, No. 4, pp. 944–959 (2014)

[Issa 17] Issa, J. B., Haeffele, B. D., Young, E. D., and

Yue, D. T.: Multiscale mapping of frequency sweep rate

in mouse auditory cortex, Hearing research, Vol. 344, pp.

207–222 (2017)

[Norman-Haignere 15] Norman-Haignere, S., Kan-

wisher, N. G., and McDermott, J. H.: Distinct

cortical pathways for music and speech revealed by

hypothesis-free voxel decomposition, Neuron, Vol. 88,

No. 6, pp. 1281–1296 (2015)

[Stiebler 97] Stiebler, I., Neulist, R., Fichtel, I., and

Ehret, G.: The auditory cortex of the house mouse: left-

right differences, tonotopic organization and quantitative

analysis of frequency representation, Journal of Compar-

ative Physiology A, Vol. 181, No. 6, pp. 559–571 (1997)

[Tsukano 15] Tsukano, H., Horie, M., Bo, T.,

Uchimura, A., Hishida, R., Kudoh, M., Takahashi, K.,

Takebayashi, H., and Shibuki, K.: Delineation of a

frequency-organized region isolated from the mouse

primary auditory cortex, Journal of neurophysiology,

Vol. 113, No. 7, pp. 2900–2920 (2015)

[Tsukano 17a] Tsukano, H., Horie, M., Ohga, S., Taka-

hashi, K., Kubota, Y., Hishida, R., Takebayashi, H., and

Shibuki, K.: Reconsidering tonotopic maps in the au-

ditory cortex and lemniscal auditory thalamus in mice,

Frontiers in neural circuits, Vol. 11, p. 14 (2017)

[Tsukano 17b] Tsukano, H., Horie, M., Takahashi, K.,

Hishida, R., Takebayashi, H., and Shibuki, K.: Indepen-

dent tonotopy and thalamocortical projection patterns

in two adjacent parts of the classical primary auditory

cortex in mice, Neuroscience letters, Vol. 637, pp. 26–30

(2017)

2

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

1D4-J-1-03


