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Quantitative and functional studies of the brain using representational models
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Neural decoding of visual information and application for BMI using ECoG signals
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Decoding and regulation of fear memory through neurofeedback
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Approach to decoding neural information included in extracellular potentials of the
rodent visual cortex and hippocampus
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Alpha oscillation as a clock for visual processing
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[1] Minami, S., Amano, K. (2017) Illusory jitter perceived at the frequency of alpha oscillations, Current
Biology 27 (15), 2344-2351.
[2] Arnold, D.H. & Johnston, A. (2003) Motion induced spatial conflict. Nature, 425, 181-184.



Eye movements and visual salience in schizophrenia

Masatoshi Yoshida!

"Laboratory of Behavioral Development, The National Institute for Physiological Sciences,

Okazaki, Japan

Abnormality in eye movements during free-viewing is potentially an efficient biomarker for
schizophrenia (Miura et.al. 2014; Morita et.al. 2016). We examined whether aberrant salience
hypothesis (Kapur 2003) explains the abnormalities in eye movements during free-viewing in
schizophrenic subjects. We analyzed eye movement data obtained from 87 schizophrenic
subjects and 252 healthy control subjects who viewed natural and/or complex images (n=56) for
8 seconds. We calculated the saliency map of the images (Yoshida et.al. 2012) and evaluated the
time course of the salience value at the position of the gaze. We obtained evidence supporting
aberrant visual salience during free-viewing in the schizophrenic subjects.

As a first step toward establishing “translatable” markers for schizophrenia, we measured eye
movements from normal marmosets with the EyeLink 1000 Plus eye-tracker. The natural and/or
complex images identical to those used for the human subjects were randomly presented for 8
seconds. In four marmosets, saccades were reliably detected and characterized as the mean
saccade frequency and the main sequence relationship. Then we evaluated a pharmacological
model of schizophrenia in marmosets using intramuscular injection of ketamine at a sub-
anesthetic dose. Since mismatch negativity (MMN) is a well-established brain marker for
schizophrenia, we developed an experimental setup for simultaneous recording of eye
movements and the MMN. For this purpose, silver-ball electrodes were epidurally implanted on
the auditory cortices. Then eye movements and LFPs were recorded during free-viewing of the
identical images with tone stimuli (10% deviants and 90% standards). Ketamine (0.5 mg/kg)
reduced the median amplitude of saccades and attenuated the MMN with a similar time course.
These results suggest that free-viewing is a promising experimental paradigm for establishing
“translatable markers” for schizophrenia in humans and in marmosets.

MY was funded by the program for Brain Mapping by Integrated Neurotechnologies for Disease
Studies (Brain/MINDS) from Ministry of Education, Culture, Sports Science, MEXT and the
Japan Agency for Medical Research and Development (AMED).
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On the Possibility of Using Computer Vision as a Model of Biological Vision and an
Introduction to Deep Learning as a New Problem Solving Methodology

A= vy

LIRAERS: REFEBels P At se st / BRI SEnT o meEm ettt v 4 —

A Ea—FETa U E, NAORREOKELFER ECERAT L L2 FERBEL
LT, A5 A0 HFIF RN E -T2 B Th 5. T-8 HERTOIERBEFZE OB L - T,
AU a—Z Vg IEINICREL, 50 Al 7 — 220 EH - TE 72, KiEET
X, v a—Zbeva rBIOERE LMREFED, 5BOORNBEEZHT-
DOME ERRIETCEIUZE RS . BRI SN L LT, arvPa—F eV V+HE
JE R AEM ORRIERLIEOETT L E L TCOMENE 2 b, WEFE 3
PITNLOY — L E LTOMENREZ 6N D.

EFTETNE LTOMEEBZZD. REFEHOBGIZEY, E=a2—J L%y NU
— 7 OYERRIL, RO X A7 TANEHTEDLL-VLIZEEL TS &S, ZOHE
([FOLEL) ZEMOZE &g T 2 WRMEITHocd 5. 7272, EE==2—F L%
v M=%, AR ET Ty IRy 7 ZATLRL, (EWoOriRE L F T
E210) HET ATV XARTITTbBRNE WS RERS 5. Zhid, EHRE
IR W TR EICHLE, m<RoonTng [EAM) < [MEHEME) oz &
EHLHERVED. TIT, IROICHEATAMEORRATHT 5. BE#EL T, 2 Ea
—Z 'V a URRETE TR T, (AR W2 Bl 5.

ZHEMNAZ, EHEBHRE=a2— TNV Ry NT—IRNT—2OFE L TESL
TEEHALERD FIEDR, b Z HEMOZN LT NDIEA I D, EWH SRR H 5. Bk
MCIEGEEEL, T 2IENR0RENRH LD TRV E RTINS, Dl b biE
IEBRDHLBRMENRDH Y, TOINY Eiim LIz,

WIZ, V=N LTOMEIICDNWTEZDL. AREEFEIL, avEa—FEYa Y,
HRS R, HFREHRLEe EDWbw b Al ORFE 2 K& X, Sk T
TA = RZBT D8 LOREREO FEE LT, BNV 25ohb. &2 T, HFEL
WIS HERDOET V7 ORDVIC, T —F &l U= 28 03 b 2 gl & Ji 7-
T REE L TUIWT Rnolk, £z, fx ORMEROT-DIZHy NT—T D
iR EOX IR T 20BN RER YA N EDDZETHD. Hilz 2 H OB
EEDBIZ, XYy N7 OH LVEEERDEANCAEAHEINTETEY, Ziz>on
THEHT 5.



b~ ORI IT 2 A HRRRIEE) 0% 800 words
Roles of oscillatory neural activities in human time perception.
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Places and Boundaries of Consciousness
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Neuroimaging and tracing social cognitive functions in non-human primates
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Mechanisms of fluctuations in decision
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Semi-model free analysis of the whole brain activity captures
temporal changes of cognitive processes

"Yutaro Koyama, ' Junichi Chikazoe, 2 Koji Jimura, ' Norihiro Sadato
" National Institute for Physiological Sciences 2 Department of Biosciences and Informatics, Keio University

Introduction: While a subject performs a psychological task, the neural networks which correspond to
respective cognitive processes are sequentially recruited. Despite abundant knowledge of this activation
mechanism in the spatial domain (i.e. functional localization in the brain), little is known about that mechanism
in the time domain (i.e. the timings and order of cognitive processes). The present method explored the
activation mechanism of neural networks in the time domain during a performance of complex tasks, by
modeling the whole brain activity as the linear combination of parallel computation of multiple neural networks
at a given time.

Methods: We analyzed the math task from task-fMRI 3T data of Human Connectome Project. This task
presents trials by sound and requires a subject to complete addition or subtraction problems. We first created
the 3 network templates (i.e. auditory, arithmetic, and finger-tapping) corresponding to the cognitive processes
recruited in this task, by using an online meta-analysis software (NeuroSynth) [1]. Then, we modeled a whole
brain activity at a given time as: Y=B1X1+B2X2+BsXs+Bo where Y is a vector of whole brain vertexs. X1, Xz, and
Xs are network templates formulated as each vector of activation likelihood values. B1, B2, and Bs are scalar
weights, and Bo is an intercept vector calculated by maximum likelihood estimation. By using this model, we
computed the weight time courses which are the transitions of network contributions to the whole brain activity.

Results: Without explicitly using timing information (i.e. stimulus onsets, durations, and subject's responses)
we decomposed the whole brain activity with the 3 functional network templates. As expected from the content
of this task, in each trial, the auditory network was firstly activated, followed by the activation of the arithmetic
network. Consistent with behavioral results, the estimated activation of the finger-tapping network was time-
locked to response timing at each trial (Figure 1). Moreover, we could recover the order of these 3 cognitive
processes without using timing information a priori.

Discussions and Conclusions: These results demonstrate that the proposed method can capture the
temporal transitions of the cognitive processes which cannot be measured by conventional analysis [3].

auditory network e frial T —

" paarree | | @rithmetic network S ——— = trial 2 —
Response Response
(a) Timing (b) Timing 5

Network Contribution
i

Network Contribution
¥

Volumes (TR = 0.72) Volumes (TR = 0.72)

Figure 1: The time courses averaged across 20 subjects of 3 neural network activities (a), and The time courses of each
trial from an individual subject of finger_tapping network (b), both aligned by response timing. (a) Before the response,
uditory network was firstly activated, because a subject needed to listen to an instruction. Then, arithmetic network was|
Ectivated, reflecting the demand to solve an addition or subtraction problem. Finally, finger tapping network was activated
fter the response timing, reflecting the button press. All these results were consistent with the content of math task and
behavior timing. (b) Even in the same subject, large variability in magnitude and peak timing was observed, suggesting the
large trial-by-trial fluctuation of BOLD responses [2].

[1] Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., & Wager, T. D. (2011). Large-scale automated synthesis of human functional neuroimaging
data. Nature methods, 8(8), 665

[2] Watanabe, M., Bartels, A., Macke, J. H., Murayama, Y., & Logothetis, N. K. (2013). Temporal jitter of the BOLD signal reveals a reliable initial dip and
improved spatial resolution. Current Biology, 23(21), 2146-2150.

[3] Dale, A. M., & Buckner, R. L. (1997). Selective averaging of rapidly presented individual trials using fMRI. Human brain mapping, 5(5), 329-340.



pP-2

RO B FAREIIC 350 5 1 © & i O WiiE 5

Social reward signals in cortico—subcortical networks of the macaque
HIUE L 2R R Bl !
VAREERSERT RN TENIE A A 2T

b MEABDREERIIAFENICME LT IEERZ WD, Bo05560 GRI) OfEIEMmE 05
DHDIZL o THEBEZT 5, xld, TOX D b BHE ORI EL T 5 B CORMIMMME (BRI
i) [CERZY T, Y 2 HERICEEST T2 EBMENESITICE > TEOMREBEZ - TX 2
(Noritake et al., 2018),

SIS T, 28O ML B L N2 fhF L) ZRhnEbwIc i b8, HRRIT
ZRAR LU, W I LT OMEHERPEE ST bk, 1 FATICRE W TTE OMENE=RIZ)E
W, EB N0 CEHINAEZ bTc, b LIEEBLHIZHL 5 b o7, ML 38 X UNM2 O iR
12 205K (Self-variable block 3 K U8 Partner-variable block) THMESI., AT FEN S
7z, Self-variable block TIE Ml OHIfERDZAZAL (P =0.25-0.75) L., M2 OWBIFERIT—E (P
= 0.2) Toh o'z, —F Partner-variable block TiZ, M2 O#BfEFEAZA (P = 0.25-0.75) L, ML O
W —E P =0.2) Thoiz,

Z DRSSO TICB T 2V L ORM~OIF 2 ERBALT 5720, B ERTOM OV v 75
FEAQE LIz Z A, Self-variable block &V TIL ML OMENFELNEEDIFE, ML DY v ¥ JHE
iEE< 72572, —Jj, Partner-variable block IZEBWTIIM2 OHIMMERNEL 25138, ML OV v ¥
THEIIELS I olz, TOZ LD, HOOREIMEET TR, i oWmBiERIC b B C oW e
DRBEND Z L, T EBHERBIEEORBNH e ol

BT SRk & LT, AC OB ICEE 35 & S d RN AEEiMEh iz, i & gy
RIS & & Ff DS ERAF DO R D —> & I D NARTEHRTEF, S I b 2 DOMNEML & 5
HIfE & & Fr OTUR TESMAIEF OMpRIEEN 4, ML 22 HFE8k L7z, T ORER, NWHREEREIZ W T, B
&AM O R SR S B B AR CEBIRIC R ST, — 7, HlM RS AT, 8
FHATEIE R U &L DA CORMIEEN G E D13 ETHEEA LA L, thE OB & E 213 EiEFH B
LTz, TRLLIEEMMEEZRRT DL EBHLNE o7, AR TEAMUE T1X. TRMME,. B
L OE O & A3 O R 03 B 7 2 MR RE CI-IRIICRBL S LT e, & BT, WNIRTEERTE 2>
SRR FERAMUEF & L < IFF~ & M2 5 iR IEHM OGS, HHMICH» I ML DV BEERIZZ RO L
i,

D ORERIE, PRIRTEERTE COEE S 7 B O & ORI SR THESMAEr, PO RS v
MfE~EESNTHRA S 4L, B COWBNCRT 2 FEMMENFHESNDL Z 2R/ LTS,



P-3

ERA T EE MT/FST 27123617 2 B MBE BRI 39~ 2 SUS R
Response characteristics to complex motion in visual areas MT and FST
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Presynaptic inhibition of muscle afferent in awake, behaving monkeys

Tomatsu Saeka

National Institute for Physiological Sciences

In the previous studies, we reported increasing presynaptic inhibition (PSI) on the input from
cutaneous afferent in monkey spinal cord during voluntary movement. We developed the
method to estimate the size of primary afferent depolarization by evoking antidromic volleys in
the cutaneous nerve by applying the microstimulation (MS) to their intraspinal (IS) terminals.
In the present study, we applied the technique to a muscle afferent in two monkeys performing
wrist flexion-extension task. We implanted a nerve cuff electrode to the deep radial nerve (DR)
innervating wrist extensor muscles and attached a chamber to the cervical vertebrae (C4-T1) of
the trained monkeys. Then we applied ISMS (10 Hz, 1-50 pA) to activate the terminal of DR
afferents and recorded 64 volleys.

We observed growing PSI after the instruction of movement direction as the cutaneous nerve;
however, it occurred only for flexion. Moreover, we found transient and non-directional specific
decrease of PSI at wrist movements. In total, a significant decrease in PSI was observed only
during the extension movement in the DR nerve (p < 0.05).

These results suggested the level of PSI on the peripheral nerve is modulated by at least two
discrete modality-specific processes. Such modulations might allow the spinal cord to use the
information from afferents in an efficient way for the control of ongoing movement. Therefore,
we can conclude that task-relevant peripheral inputs are highlighted by the PSI in a highly
selective way.



