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Clustering of vestibular direction-selective neurons in macaque parieto-insular
vestibular cortex
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Abstract: Neurons with direction-selectivity for vestibular stimuli are found in a number of cortical areas, and neurons in the ventral
intraparietal area (VIP) and the dorsal subdivision of the medial superior temporal area (MSTd) of the macaque brain are clustered
according to their direction preferences for vestibular signals. This raises the question where the clustering inherits from? Previous work
has shown that VIP and MSTd most probably receive vestibular input from the parieto-insular vestibular cortex (PIVC), which processes
vestibular signals at the earlier stage. Thus, PIVC is also supposed to show a clustered organization similar to that seen in VIP and MSTd.
The present study was aimed to examine clustering properties of vestibular response in PIVC area. To address this issue, we compared the
tuning of isolated single unit (SU) with the undifferentiated multiunit (MU) activity of several neighboring neurons recorded from the
same microelectrode. When directional tuning was observed in MU activity, the direction preference generally agreed closely with

that of a simultaneously recorded SU. These results suggest that PIVC neurons are indeed clustered according to preferred direction

for both translational and rotational vestibular stimuli.
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Fig. 1. Experimental setup and stimuli. 4: Schematic illustration
of the experimental protocol. Vestibular stimulus was provided
by the motion platform, and the fixation point was displayed on
central of the screen. B: Illustration of the 26 translational and
rotational movement vectors used to measure 3D tuning. C, D:
Definition of azimuth (C) and elevation (D) angles. Straight
arrows represent the direction of translation, and curved arrows

indicate the axis of rotation.
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Fig. 2. Example multiunit (MU) activity extracted from off-line sorting. 4: Raw neural signals. The red line illustrates the threshold

set for MU off-line sorting, and the neural signals from stimulus onset to offset (2 s) were circled by red box. SU: single unit. B: SU

(on-line sorted) and MU activity (off-line sorted) during the stimulus presentation.
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Fig. 3. Example data from a pair of double-peaked SU and MU activities recorded in the vestibular translation condition. 4, D: Av-
erage response PSTHs of 26 directions for SU (4) and MU (D). Vertical dashed red and green lines indicate the two peak times. The
early and late peak responses were separately circled by red and green box. PSTHs were computed with sequential 25 ms bins and
then smoothed with a 400 ms sliding window. B, C: Corresponding color contour maps showing 3D direction tuning profiles (Lambert
cylindrical projection) at each of two peak times for SU. E, F: 3D direction tuning profiles for MU. G: Cross-correlation function
between SU and MU responses. The abscissa represents the time lag between SU and MU spike trains, and the ordinate is the number
of coincidences. Black and red curves represent the cross-correlation functions before and after SU spikes were excluded from the MU
signal, respectively.
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protocols. The solid black and red lines show the average cross-correlation before and after SU spikes were removed from the MU

signal, respectively. Dashed lines represent = 1 SD around the corresponding mean.

k1. AZREFHEMH T R0 HR G4

Table 1. Summary of spatial tuning for translation

Single-peaked Double-peaked Triple-peaked Quadrue-peaked Not-tuned Total
SU 82 (30.6%) 121 (45.2%) 21 (7.8%) 0 (0%) 44 (16.4%) 268
MU 84 (31.3%) 120 (44.8%) 15 (5.6%) 1 (0.4%) 48 (17.9%) 268
SU, single unit; MU, multiunit.
2. AR S T RS
Table 2. Summary of spatial tuning for rotation
Single-peaked Double-peaked Triple-peaked Not-tuned Total
SU 65 (46.1%) 44 (31.2%) 4 (2.8%) 28 (19.9%) 141
MU 52 (36.9%) 31(22.0%) 4 (2.8%) 54 (38.3%) 141

SU, single unit; MU, multiunit.
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(without) significant tuning (ANOVA, P < 0.05). C: Distribution of the separation between preferred directional vectors for SU and

MU activities. Note that only both significantly tuned SU/MU pairs were shown. D: Distribution of correlation coefficients (Rgy, i)

between SU and MU tuning profiles (n = 268). Open bars indicate values of Ry \ that are significantly different from zero (P < 0.05).
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to the peak response direction, and MU data were aligned to the azimuth preferred by each corresponding SU. Open and filled symbols

represent the average SU and MU responses, respectively. Solid and dashed curves show the best fits of a wrapped Gaussian function.
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marked by vertical dashed lines.
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