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Whole-brain functional imaging at cellular resolution

using light-sheet microscopy

Misha B Ahrens & Philipp J Keller

/"/

Detection objective é lIIumlnzit_mlP I Zmune

".‘x //S/y‘nch ronized l

piezo

> \ scanning%. //}

\ Focused laser beam

Agarose
\_¢
Fish
larva
Second al
illumination e
objective capiiary
(optional)

Ahrens et al., 2013



spatial resolution (log(mm))

Pa3pelleHune mMeToaoB

brain

cortical
area

cortical
column

soma
dendnite

axon

@ EEG/MEG
@ fMRI
PET
B lesions
1 I | . ; T .
-4 -2 0 2 4 6 8

ms min h d

temporal resolution (log(s))



3 TMNa MetonoB

MO3rI ArNIEKTpU4eCKmne

* Perncrpauus akTUBHOCTU nm
o BO3,E|,e|7|CTBI/Ie HEMPOH meTabonunyeckune

nokasarenv
* NMHAOYKUUA aKTUBHOCTHU

* JNIMMUHAaUMS (NodaBrieHne Unu
«ybunpaHme») akTUBHOCTHU



Michael Rosenfeld/Stone Images

[0 anekTpoaHuedanorpadusa (33I)




[0 anekTpoaHuedanorpadusa (33I)

(@) Multichannel EEG recording
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0 marHuntoaHuedanorpadgpuma (M3II)

v/ PErncTpupyroTcs | .
MarHMTHbIE MOn4 |

v/ JonosnHeHue K 93l
(HanpasrieHne TOKOB)

MNE SNR =3.0
0.0 ..0.1 ..0.2 *1e-10

https://www.youtube.com/watch?v=dakGq0sghSil
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Impaired gamma oscillations

in schizophrenic patients
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Reduced phase-synchrony
in schizophrenia
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[ KomnbloTepHasa Tomorpadgpums




0 KoMmnbroTtepHasa Tomorpachus

(a) Computerized tomography (CT)

Normal (horizontal view) Victim of stroke




MarHUTHO-pe3oHaHCHasa TomMmorpadus
—




MarHUTHO-pe3oHaHCHasa Tomorpadus
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MarHUTHO-pe3oHaHCHasa TomMmorpadus

Box 19-3 Magnetic Resonance Imaging (continued)

\
|
i

Figure 19-19 Different T, and T, time constants provide th

black) CSF
contrast that distinguishes tissues in the MR image. d S

S exa

Table 19-2 Time Constants (ms) of Different Tissues
at a Field Strength of 1 Tesla

Tissue T, /o
Fat 241 85
Brain, white matter 683 90
Brain, gray matter 813 100

CSF 2500 1400



0 dyHKUMOHaNbHasA
MarHUTHO-pe3oHaHCHasa TomMmorpadus

R

Box 19-3 Magnetic Resonance Imaging (continued)

A Unstimulated tissue

Figure 19-21 Functional MRI study of the visual cortex.
Functional MRI (fMRI) locates neural activity by examining
regional blood flow in the brain. In a region of neuronal activity
the supply of oxygenated blood is greater than its consump-
tion, leading to a higher than normal ratio of oxygenated to
deoxygenated blood. Because the two forms of hemoglobin
have different effects on the dephasing of protons, they
produce different magnetic resonance signals.

A. In the unstimulated condition visual information is keptto a
minimum. There is little activation of neurons; blood flow is not
increased: and a relatively large proportion of the hemoglobin
is in the deoxy form. Because deoxyhemoglobin promotes

efficient dephasing of the rotating protons, the T,* cunés
characterizes fMRI is relatively steep and the magnete
nance signal weak

B. In the stimulated condition the patient is exposead &
ing checkerboard pattern. Neurons become active; D
increases; and the proportion of deoxyhemoglobin ceass
As a result, the dephasing of the protons is slower, T&S
curve less steep, and the corresponding magnetic rEs
signal stronger.

C. An image showing the increased signal in the visus
generated from a comparison of the images of the S8
and unstimulated cortex.




a BOLD signal: ePts
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Figure 3 Simultaneous neural and haemodynamic recordings from a cortical site showing
transient neural response. a—¢, Responses to a pulse stimulus of 24, 12 and 4 s. Both
single- and multi-unit responses adapt a couple of seconds after stimulus onset, with LFP
remaining the only signal correlated with the BOLD response. SDF, spike-density function
(see text); ePts, electrode ROl—positive time series.

Logothetis et al 2001



0 dyHKUMOHaANbHas
MarHUTHO-pe3oHaHCHasa TomMmorpadus

(d) Functional magnetic resonance imaging (fMRI)

Anterior 3-D view Lateral 3-D view of right hemisphere




0 no3anTpoHHO-aMuUccnoHHaa Tomorpadcdusa (M3T)

v/ PErncTpmpyroTca metabonunyeckasd akTUBHOCTb

v/ [E30KCUITIIOKO3a B KPOBU — YBENUYEHNE
KOHLIeHTpaLum nsotona

v/ [ETEKTOpbl NPOTOHOB




[ no3auTpoHHO-aMmuccuoHHasa Tomorpadcpua (MNI3T)

(c) Positron emission tomography (PET)

Normal (horizontal view) Patient with Alzheimer’s disease




0 no3anTpoHHO-aMuUccnoHHaa Tomorpadcdusa (M3T)

A ‘l\

ﬂ?i

N

L/
s

1?52’

OOOOOO




Statistical map
Superimposed on an
anatomical image

Region of interest (ROI) ~ 5 min

Jody Culham’s

I N




Statistical thresholding




Brain scans are made while a subject is in a
control condition, and while he or she is exposed
to an experimental stimulus or performs a task.
| The difference in brain activity in the scans can be
y
]L_, .. _JE computed and represented as a color-coded
: ; “difference image” that shows the areas of the
Visual stimulus Control : i :
brain that were most active during the
l l experimental condition.

Resulting brain activity Difference image

( >

... to arrive at a “mean difference |

Mean

Difference images from - | image” that shows the most
several subjects can be added | | active brain areas across subjects
together and averaged ... | |inanexperiment.

difference
image







CoBpeMeHHble meToabl (2)

[ nO3UTPOHHO-3MUCCUOHHAA ToOMOorpadua nnm
doyHKUMOHANbHbIU A0ePHO-MarHUTHbIV
Pe30HaHC

v/ 3MOLMSA POMAHTUYECKOMN NoOBYU
B NepeaHen LUUHIYNapHOU Kope,
XBOCTaATOM A4p€e N HEKOTOPbIX
apyrux ctpyktypax (Bartels &
Zeki, 2000).




AKTUBHOCTb MO3ra y MepTBOro fiococa?

Neural correlates of interspecies perspective taking in the post-mortem Atlantic Salmon:
An argument for multiple comparisons correction
Craig M. Bennett!, Abigail A. Baird?, Michael B. Miller', and George L. Wolford?

! Psychology Department, University of California Santa Barbara, Santa Barbara, CA; 2 Department of Psychology, Vassar College, Poughkeepsie, NY;
* Department of Psychological & Brain Sciences, Dartmouth College, Hanover, NH

INTRODUCTION GLM RESULTS

With the extreme dimensionality of functional neuroimaging data comes
extreme risk for false positives. Across the 130,000 voxels in a typical fMRI
volume the probability of a false positive is almost certain. Correction for
multiple comparisons should be completed with these datasets, but is often
ignored by investigators. To illustrate the magnitude of the problem we
carried out a real experiment that demonstrates the danger of not correcting
for chance properly.

2.5

METHODS

Subject, One mature Atlantic Salmon (Salmo salar) participated in the fMRI study.
The salmon was approximately 18 inches long, weighed 3.8 Ibs, and was not alive at
the time of scanning.

t-value

A t-contrast was used to test for regions with significant BOLD signal change
during the photo condition compared to rest. The parameters for this
comparison were #(131) > 3.15, p(uncorrected) < 0.001, 3 voxel extent
threshold.

Task, The task administered to the salmon involved completing an open-ended
mentalizing task. The salmon was shown a series of photographs depicting human
individuals in social situations with a specified emotional valence. The salmon was
asked to determine what emotion the individual in the photo must have been
experiencing.

Several active voxels were discovered in a cluster located within the salmon’s
hrain cavitv (Fieure 1. see ahave). The size of this cluster was 81 mm? with a



Reading Minds



Reading Minds

https://www.youtube.com/watch?v=z8iEogscUI8




ObnacTtb vs. naTtrepH

DECODING FOR DUMMIES

Scientists train a computer program by showing it brain-scan data associated with seeing certain images. Once it has built a database of activity patterns,
it can be tested with images the participant hasn't necessarily seen before.

Image MRS scan Voxel pattern Output

=SHOE

TRAINING

=SHOE?

Duning testing, the program
must guess the object viewed on
the basis of what it has learned
about similar patterns of activity.

X
o X
o o Y g/

onee 1



KYPHAJI BRICHIEH HEPBHOH AEATEABHOCTH, 2017, mom 67, Ne 4, c. 493—503

METOIUKA

YIK612.821.6

MAKET YCTPOVMCTBA CJIEXEHUS 3A KOTHUTUBHOU
JNESTEILHOCTBIO YEJIOBEKA B PEAJIbHOM BPEMEHU
(“KOTHOBU30P”)

© 2017 r. W. B. Taporun'?, M. C. Aranos', I'. A. Uanuukuii’

'Hucmumym ewicwetl nepenoii deameavrocmu u veiupogusuoroeuu PAH, Mockea
?Mockoeckuil (husuxo-mexHuveckuit uncmumym (20cyoapcmeennwil yuueepcumem), Mockea

oBnocp

Jlena sbiue Tann Cawa crapue Ilern I

H HuAe Purhl n maazuie Bacu
Pura uuxke Taun? Iers muamue Bacu?

Puc. 1. [Tpumepe 3a1a4, NPeAbABASCMBIX HCIBITYCM bIM



[loTeHUMan-4yBCTBUTESIbHbIE
KpacuTtenu

Before

After

4 kHz 8 kHz 12 kHz 16 kHz

After

Ide et al., 2012
(auditory cortex, fear conditioning)

4 kHz 8 kHz 12 kHz 16 kHz



| am my conneciome

> »l o) 1:41/2234

Sebastian Seung: | am my connectome

«A - 310 Mo KOHHEeKToM»

https://www.voutube.com/watch?v=HA7 GwKXfJB0O




0 anddy3moHHaa MarHUTHO-pe3OHaHCHas
TOoMorpadpus

[l nonHoe onncaHue CTPYKTYPbl CBA3EN

(a) Tractography + parcellation (b) Connection identification (c) Weight extraction




Question: Does the hypothalamus play a role in eating?

Procedure

The ventromedial
hypothalamus (VMH)
of the rat on the
right was damaged,
and her body weight
was monitored for a
year. Her sister on the
left is normal.

Intact brain of sister rat Rat brain with lesion

e

Results:

The VMH-lesioned rat showed a dramatic
increase in food intake and body weight.

15001 \

= 1000F Lesioned rat
=
5
f<5}
=
§ 500 -
& Controlrat o o —e—o

100~

1 | 1 1 | 1 I 1 1 1 1

i
OEELPES S MR R E R 7 I SR DR 2
Time (months)

The VMH plays a role in controlling the cessation of eating.
Damage to the VMH results in prolonged and dramatic
weight gain.

[loBpexaeHus
Y4YacCTKOB
mo3ra (Lesion)



Uctopusa (1)

15-16 Bek

[0 owyLieHmne,
doaHTasu4,
BOODpaxxeHmne —

0 npeaononoxeHwue,
MbILLUNIEHNE —

0 namaTtb

Green, 2003



UcTtopus (2)

0 PpeHonorunveckne kaptbl P. [anng (19 Bek)
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Uctopusa (3)

0 JlokanusauynoHHaga kapta Kneucrta (1934)
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UcTtopus (4)

0 B.M. bextepe (1907) obocHOBbLIBaET
NPUHLUMMN CTPYKTYPHO-PYHKLNOHANBLHOIO
nogxoda, n3y4eHme CTpoeHns mosra B
eOWHCTBE C ero oyHKumMamMun (Bce y4yacTKu
MO3ra UMeloT onpeneneHHoe
Ha3Ha4deHue); PyHKUMOHanbLHas
riokanumaauus



0 KnuMHmn4eckne HabnogeHns 1 paspyLleHns
v/ bpoka (1861): HapyLleHne peun
v/ BepHuke (1873): HapyLueHWne NOHMMaHNS peyn
v/ Lashley, 1921: skBunoteHumnanbLHOCTbL MO3ra



HayanbHble MeToAabl (2)

[l anekTpuyeckoe
pasgpaxeHue
(Penfield, 1959)
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[Mpobnema 1

0 «YHKUMA» MOXKET ObITb HAWAEHA He
TOJTIbKO B CBOEM «(PYHKLIMOHANTBHOM» LIEHTPE

0 y cobak HapyLlaeTcsl 3peHUE NMpu yaaneHnn
MoTOopHOW Kopbl (beputos, 1963; Nodpde, 1975)

0 akTuBauusa HEMPOHOB HE TOSIbKO CEHCOPHbIX
obracten, HO 1 MOTOPHOW KOPBI,
PErNMCTPUPYETCS NPU NPEObABIEHNUN CEHCOPHbIX
(coMmaTmn4ecKknx, 3ByKOBbIX, 3PUTESTbHbIX)

curHanos (Cokonosa u Jluneukas, 1966; Buser
et al., 1968; Ogawa, 1975 n gp.)



[TpoOnema 2

0 «dyHKUMOHANbHbIN» LIEHTP COAEPXUT pasHble

«PYHKLNNY

[ oAWH 1 TOT XXe HENPOH, Hanpumep, 3PUTENbLHOW
KOpbl, MOXET aKTUBMPOBATLCA MPU NpeabsBneHnn
COMAaTUYECKNX, BECTUBYIAPHBLIX UITN 3BYKOBbIX
curHanos (KymaH n Jlataw, 1970)



[TpoOnema 2

0 «dyHKUMOHANbLHLINY LUEHTP COAEPXKUT pasdHble «PYHKLMNN»
0 (Brosch et al., 2005) J Neurosci
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[lpobnema 3

[ «beHKLI,VIVI HET, @ dKTUBHOCTb «UEHTPa» €CTb»
0 Anekcangpos HO.U. n Anekcangpos N.0. (1981)

RSN h R &
@ 31.3"5“::":‘56 @ ot in
/0;: uvn
t L ﬁ 7=l
n=4
aJ 2 fd!‘Hf‘JuL”-.r-ﬂHﬁ i
f. LR £ 4
W RRERL N Srnpaioy '
w
70
e
- E /'.'7£ n=»UY
n=4
0 ' » Vi Lﬂh_l"\_rlﬁﬂr'lr]nr_" =

CBA3b C onpeaerieHHbIMKU 3Tanamm (nogada MOPKOBK)



Cerebral Cortex Advance Access published August 19, 2015

—= [NoBpexaeHus
Y4aCTKOB MO3ra
ORIGINAL ARTICLE (LeSion)

From Phineas Gage and Monsieur Leborgne to
H.M.: Revisiting Disconnection Syndromes
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Cerebral Cortex Advance Access published August 19, 2015

—= lNoBpexaeHus
Y4aCTKOB MO3ra
ORIGINAL ARTICLE (LeSion)

From Phineas Gage and Monsieur Leborgne to
H.M.: Revisiting Disconnection Syndromes

M. Thiebaut de Schotten!34, F. Dell’Acqual?, P. Ratiul, A. Lesliel2,
H. Howells
N. F. Dronl!

OXFORD

PHINEAS GAGE LOUIS VICTOR LEBORGNE HENRY MOLAISON
—. Frontal Aslant Tract —. Arcuate 1 Uncinate

—D Uncinate —-:] Superior longitudinal fasc. lll Fornix

—D Frontal Superior Longitudinal —. Superior longitudinal fasc. Il Anterior commissure
—D Frontal Inferior Longitudinal —. Frontal Aslant Tract Cingulum

—D Frontal Orbito Polar —D Frontal Inferior Longitudinal

—D Frontal Orbito Polar

». Major tracts that were damaged in Gage (damage affected at least 30% of the tracts’ volume, z-score = 1.7), in Leborgne (damage affected atleast 55% of the tracts’
, z-score = 1.29), and in Molaison (damage affected at least 5% of the tracts’ volume, z-score =1.39).
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0 TpaHcKkpaHuanbHasi MarHMTHasA CTUMYNALUA



0 TpaHckpaHuanbHasi MarHUTHast CTUMYNSALUSA

C Stroop

v

Stroop paradigm
Hayward et al.
(2004)

Hayward et al.
(2007)

Boggio et al.

(2005)

Wagner et al
(2006)

X

AAC and PAC; area 4 cm posterior to Four pulses; 10 Hz; 110% of individual threshold;

the motor vertex as control site

Medial frontal, medial parietal as

control site

Left dIPFC

Left dIPFC

first pulse applied 200 ms after stimulus onset

Four pulses; 10 Hz; 110% of individual threshold

'TMS; 15 Hz; 110% above motor threshold; 40 trains

of 5 s each; 10 daily sessions; or sham

rTMS; 20 Hz; 100% of individual motor threshold;
40 trains of 2 s duration, 20 min; or sham

Stroop effect abolished with TMS over AAC and PAC.
Cingulate may serve an ‘evaluative' role and monitor
competing behaviorally relevant information.

Stroop effect abolished with TMS over the medial
frontal cortex.

No interaction between TMS and the Stroop condition
occurred in regional cerebral blood flow.

Possibly limited utility of TMS for the stimulation of
deep brain regions.

Performance in Stroop task improved to a comparable

extent for rTMS group and a group receiving
medication.

No negative effects observed after rTMS in any of the
neuropsychological tests; rTMS safe to used in PD
patients.

No delayed effects of rTMS on performance in Stroop
Test; rTMS does not produce longer-lasting impair-
ments of executive function.

Olk et al 2015
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HeunHBa3uBHbLIE UMnnaHutupyemsblie
HenpouHTepdencol HenpouHTepgencol

40 e P

s o3 — - = 1] 4 05 0 05 1 L5 2 25 3 35 4
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NHTepgpeucsr, ocHoBaHHbIe Ha 33l
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We present BrainNet which, to our knowledge, is the first multi-person non-invasive direct brain-to-
. brain interface for collaborative probl lving. The interface combines electroencephalography (EEG)
i torecord brain signals and transcranial magnetic stimulation (TMS) to deliver information noninvasively
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