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-  Two coins by/for Cajal and Golgi

Santiago Ramon y Cajal (1852-1934) Camillo Golgi (1843 — 1926)

Nobel prize
in physiology or medicine
1906

Segmentation VS. Integration MR
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Activity Segmentation

Paul Broca Carl Wernicke
(1824-1880) (1848-1905)
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Structure Segmentation

s brain a network system®

Activity
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Brodmann's cytotechlonic map (1909): Brodmann's cytotechtonic map (1908):
Lateral suriace Mechal surface
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Jerzy Konorski Jerome Ysrael Lettvin

(1903-1973) (1920- 2011)

Gnostic neuron (FREE#AA=) 1967 Granma. neuron ~ 1969



Segmentation once

governed everything!
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s brain a network system®

Activity Segmentation

° S p arse ra t h er th an s | N gl e ed online 22 June 2005 | Nature | doi:10.1038/news050620-7

Jennifer Aniston strikes a nerve

Single brain cells show selective response to specific celebrity
photos.

Roxanne Khamsi

Is a single cell in your brain devoted to
Jennifer Aniston or Bill Clinton? Maybe
so, according to new research.

A recent experiment showed that single
neurons in people's brains react to the
faces of specific people. Researchers
see the findings as evidence that our
brains use fewer cells to decode a given
image than previously thought.

The subject of visual processing has
sparked much scientific speculation in
the past. Exactly how our brains extract Snaps of Aniston made a

meaning from an image remains single neuron in one
unclear. At one end of the spectrum of subject’s brain light up
possibilities, a network of cells would © Photo/Lionel Cironneau

! process various bits of information in a

2 o ! ! s : ) scene and piece it all together to form
:% 5 : ' 5 ' : an understandable picture.
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Car (17) Face drawing (134) Famous face (100) Pattern (54)
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Kreiman, et al. (2000) Nat. Neurosci. Quiroga et al. (2007) Nat. Neurosci.
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« Binding problem

Unsolved question !!

ol

Object 1 Object 2

Wolf Singer

Object 1
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Engel et al. (2000) Nat. Rev.



Integration with networks has been

realized as an important issue
betore 2000.
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Direct origins of

network neuroscience
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https://sites.google.com/site/tracingneurons/




Circuit diagram of macaque brain

Felleman-Essen’s route map

Feedforward Feedback
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Felleman, Essen (1991) Cerebral Cortex



Circuit diagram of macaque brain
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Circuit diagram of macaque brain

route map
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Circuit diagram of macaque brain

Felleman-Essen’s
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Circuit diagram of macaque brain
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Rolf Kotter (1961-2010)

Didicated for building CoCoMac database

Complihesive Connectivity database of Monkey brains

https://neuroscimed.wordpress.com/2014/09/21/spatial-temporal-resolution-plots-for-neuroscience-methods/




Informatics approach

2 CoCoMac - Macaque macro connectivity at your fingertips
CoCoMac Ind edition home page
Home Search Q Abot Site map

Welcome to the new CoCoMac website (background of the redevelopment ), For future developments of this site, see this perspective article,
This site

* Provides full, scriptadle open access 1o the data in CoCoMac. If you use CoCoMac-derived data for your research you must adhere 1o cur citation policy.

* Powers the graphical interface to CoCoMac provided by the Scalable Brain Atlas,

* Sports an extensive search/browse wizard, which automatically constructs complex search queries and lets you further esplore the database from the
rewdts page.

« Allows you to get your hands dirty, by using the custom SQL query service.

* Displays conmectivity data in tabular form, through the axceal projections service,

The legacy site at CoCoMac.org Is currently offine, but we are bullding a Virtual Machine that will enable us to revive the legacy.

CoCoMac 2 was initiated at the Donders imtitute for Brain, Cognition and Behaviour, and is currently supported by the German newroinformatics node and the
Computational and Systems Newroscience group at the Juetich research watitute.

Neuroinformatics [ J K

Copyright ©Humana Press Inc. J ]pl:l(:!'! @/ =+ G-Node
All rights of any nature whatsoever are reserved.

ISSN 1539-2791/04/127-144/$25.00

Original Article

Online Retrieval, Processing, and Visualization

of Primate Connectivity Data
From the CoCoMac Database

Rolf Katter

C. & O.Vogt Brain Research Institute and Institute of Anatomy Il, Heinrich Heine University
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Informatics approach

CoCoMac

- CoCoMac - Macaque macro connectivity at your fingertips

CoComac Ind edition home page

Home Search aQ Aboa Site map

Welcome to the new CoCoMac website (background of the redevelopment ), For future developments of this site, see this perspective article,
This site

* Pravides full, scriptadle open access 1o the data in CoCoMac. If you use CoCoMac-derived data for your research you must adhere 1o our citation policy.

* Powers the graphical interface 1o CoCoMac provided by the Scalable Brain Atlas,

* Sports an extensive search/browse wizard, which automatically constructs complex search quevies and lets you further explore the database from the
rewdts page.

« Allows you to get your hands dirty, by using the custom SQL query service.

* Displays conmectivity data in tabular form, through the axceal projections service,

The legacy site at CoCoMac.org Is currently offine, but we are bullding a Virtual Machine that will enable us to revive the legacy.
CoCoMac 2 was initisted at the Donders Imtitute for Brain, Cognition and Behaviour, and is currently suppoeted by the German newroinformatics node and the

Computational and Systems Newroscience group at the Juetich research watitute.

Abstract

Detailed and comprehensive data on large-scale
connectivity between primate brain areas have
been collated systematically from published
reports of experimental tracing studies.
Although the majority of the data have been

made easily available for online retrieval, the
multiplicity of brain maps and the precise

requirements of anatomical limit the
intuitive access to the data. The quality of data
retrieval can be improved by observing a small
set of conventions in data representation.

‘Standardized interfaces open up further oppor-
tunities for automated search and retrieval, for

flexible visualization of data, and

This article pro-
vides a discussion and les in text and
image of the capabilities of the online interface
to the CoCoMac database of te connec-
tivity. These serve to point out sources of poten-
tial confusion and failure, and to demonstrate
the automated inte with other neuroin-
formatics resources that facilitate selection and

Index Entries: Anatomy; cerebral cortex; com-
puter modeling; imaging data analysis; inter-
operability; macaque; mapping; projections;




Network data acquisition [EEZ

'In the case of Human
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Shimono, Hatano (2016)



s (EEG), Bxfgs] (MEG)

http://www.east-medic.jp/category/eeg/



€ \Vechanism and properties of MR

- Recording of metabolic load change (BOLD signal) Ogawa et al. (1990)
- Highest space resolution in noninvasive Neuroimaging technique.

v ® it
. =
e B g
MAGNETOM Verio Menon, Kim TICS (1999)

Siemens Co.



fMRI ~ Partial effective networks

P
‘a\i :
Menu:

PM

» Invroduction
» Software

» Documentation
» Courses

» Emai st

» Data sets

» Extersons

» Invoducion
» Goting started
> Latest norws
> SPM in teial

Network reconstruction from fMRI etc.

i SPM

By members & collaborators of the Wellcome Trust Centre for Newroimaging

\ofrecuction | Softess | Documentaton | Cowses | Emal kst | Data | Extensicos

Statistical Parametric Mapping

Introduction

Statistical P, tric Mapping refors 1o the constructon and o of iy exionded st 2l processes used 10 tost
hypotheses about funcsonal maging data. These ideas have been nstantaled in sofware that is caled SPM

The SPM software package has boen desigred ior Te analysis of brain imaging data sequences. The sequences can be a sanes
of images om dfferent coborts, o Sme-serns from the same sutject. The current relesse is dosigrad %or the aralysis of MRI, PET,
SPECT, EEG and MEG

Getting Started

The best starting point is 10 read the iIntroduciory article on SPM svadsble horg. You coulkd then
d the ates! of the sofwirg anc a dals 3ol 10 analyse. Step-Dy-stop instrucions for
this asalyiis an svladio in e SPM sanusl

If you'ne new 15 imaging, perhaps an epoch INRT data set would be nggreprate. Tha data sots are | A
provided with instructions on how 10 use SPM 10 analyse them. Theseo tutorials therefore give SPN CENTRAL
practcal iInstructions on how 10 implement the varous mehodologes. Our methods have been .

wiritien up 0 books, techmical reports and joumal pagors which are avadiable from cur Oning
Bliogmpty. This groups documentalion acconding 10 yoar, category, author and keyword

¥ you're looking for help 0n & partiGuiar 10p4¢ you Gan Snd e rolevant papers from the Onine
Btography. Allematively. you Gan search the SPM pages using the soarch facity Tat appoars ol the bolom of every page. Also

Karl Friston (1959-)

https://neuroscimed.wordpress.com/2014/09/21/spatial-temporal-resolution-plots-for-neuroscience-methods/




Three types of networks

B Structural networks
A set of physical or structural (anatomical) connections linking
neural elements (Cajal, 1905: Fellman and Van Essen, 1991).

B Functional networks
Deviations from statistical independence between distributed

and often remote neuronal units (e.g. Gerstein and Perkel, 1969;
Singer and Gray, 1995)

B Effective networks

The networks of causal effects between neural elements
(Adertsen et al., 1989: Friston, 1994)



Effective networks

JOURNAL OF NEUROPHYSIOLOOY
Vel 65, N0 3, May 1999 Pimnd s US4

Dynamics of Neuronal Firing Correlation: : 2
Modulation of “Effective Connectivity”

A. M. H. J. AERTSEN, G. L. GERSTEIN, M. K. HABIB, AND G. PALM s
(With the Collaboration of P. Gochin and J. Krilger)

Max-Planck-Institute for Biological Cybernetics, D-7400 Tiibingen, Federal Republic of Germany; Department of
Physiology, University of Pennsylvania, Philadelphia, Pennsylvania 19104-6085; Department of Bio-Statistics,
University of North Carolina, Chapel Hill, North Carolina 275 14; Vogt-Institute for Brain Research, University of
Diisseldorf, D-4000 Diisseldorf, Federal Republic of Germany; Newrlogical Clinic, University of Freiburg, D-7800

Freiburg, Federal Republic of Germany.
100
physiological variance
- - . . i 80
Functional and Effective Connectivity
in Neuroimaging: A Synthesis g o
g' g' Yn 5}
€ 40
Karl ). Friston 25 G = 20
The MRC Cyclotron Unit, Hammersmith Hospital, London, England 0 o1 0 01

modulation {Cm}

Aertsen et al., 1989



fMRI ~ Partial effective networks

Model 1: Forward Meodel 2: Backward Medel 32 Forward &
Backward
i ’ prosc  Atiention ’ prose  Allention ’ Dynamical Causal Modeling

@ e R -

attention

Karl Friston (1959-)

https://neuroscimed.wordpress.com/2014/09/21/spatial-temporal-resolution-plots-for-neuroscience-methods/




fMRI ~ Partial effective networks

Felleman and Van Essen rules Jansen’s model

https://neuroscimed.wordpress.com/2014/09/21/spatial-temporal-resolution-plots-for-neuroscience-methods/
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Spontaneous activity



Fvoked activity & Spontaneous activity Bl

Linking Spontaneous Activity of
Single Cortical Neurons and the
Underlying Functional

Architecture

M. Tsodyks, T. Kenet, A. Grinvald,* A. Arieli

A Fast camera

Movie display

Arieli (1996) Science

1 N I I | |

Single unit

Visual stimulator

Activity

Spontaneously emerging cortical
representations of visual attributes

Tal Kenet*, Dmitri Bibitchkov, Misha Tsodyks, Amiram Grinvald
& Amos Arieli
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Structure

Activity

« Default Mode Network — macroscopic spontaneous activity

The Brain’s Dark Energy

l/ Marcus E. Raichle
74

I
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Figure 3 | Intrinsically defined anticorrelated networks in the human brain.

How to meet with Default Mode Network?
1. Measurement technique = tMR]
2. Defined as spatially correlated patterns
3. Frequency < 0.1 [Hz]
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NiH Bluepnnt: The Human Connectome Project NIH Bluepnnf for Neuroscience Research i~}
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ConneCtOlne Mapping structural and functional coanections in the human bran

Home Aboutthe Pramct Dats  Sofware Documentation  Contadt Other Resourcas

* 2017 HCP Course Registration

"Exploring the Human Connectome,” June 19-23, 2017

Loamn about mull-modal neuromaging data, analysis, and visuakzason 100k of the Humen

Conseciome Project. This course is baing offered In Vancowver, BC, and is simed ol DO N
and curment users of HCP data, mehods, and 00k
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What is Connectome?
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Human Connectome
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Activity

Human Connectome
- Producing the whole brain networks

- Function(fMRI Default mode) & Structure (DTI)

Olaf Sporns

OPEN 8M<!ss Freely avaitable online PLOS compuranonat siowocy

The Human Connectome: A Structural
Description of the Human Brain

Olaf Sporns*, Giulio Tononi, Rolf Kotter
ABSTRACT

he connection matrix of the human brain (the human
I “connectome”) represents an indispensable

foundation for basic and apphed neurobiological
research. However, the network of anatomical connections
linking the neuronal clements of the human brain is sull
kargely unknown, While some databases or collations of karge-
scale anatomical connection pasterns exist for other
mammalian specacs, there is currently o ConBECTon matrix
of the lniman brain, nor is there a coordinated research effort
to collect, archive, and disseminate this important
information. We propose a research strategy 1o achieve this

goal, and discuss ity potential impact

Experimental approaches to human cognition have been
significantly enhanced by the arrival of functional
neuroimaging [5), a set of techniques that can be applied to
stiady a broad range of cognitive functions, with ever-
increasing spatial and temporal resolution. But the
mechanistic interpretation of neu ging data is limited
in part due 10 a severe lack of information on the structure
and dynamics of the networks that generate the observed
activation patterns. A potential theoretical framework for
conceptualizing cognition as a network phenomenon is based
on two main organizational principles found in the cerebral
cortex, functional segregation, and functional integration
[6,7). Emerging network theories of cognition emphasize the
contextual [8], distributed [9], dynamic [10] and degenerate
11 191 natnre of dracture-functinn manninos in the hrain
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Human Connectome e
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OPEN G ACCESS Freely available onfine PLOS movoay

Mapping the Structural Core
of Human Cerebral Cortex

Patric Hagmann', Leila Cammoun’, Xavier Gigandet”, Reto Meuli', Christopher J. Honey”, Van J. Wedeen®,
OMSpoms"
1 Depanment of Radiology, Universky Mospinal Center and Univenity of Lavsanne 10HUVL. Lausarne, Switserand. 2 Signal Processing Labocnony (LTSS), Ecole Polynechnigue

Fédérale de Lausanme (EPFL), Lausarwe, Switzernd, 3 Department of Prychological and Braim Sciences, Indana University, Bloomingion, Indiana, United States of America, 4
Martinos Conter for Biomedical imaging,. Department of Radiology, Massachusents General Hospid and Harvard Medical Schood, Bosion, Matsachusetts, United Sunes of Amedca

Structurally segregated and functionally specialized regions of the human cerebral cortex are Interconnected by a
dense network of cortico-cortical axonal pathways. By using diffusion spectrum imaging, we noninvasively mapped
these pathways within and across cortical hemispheres in individual human participants. An analysis of the resulting
large-scale structural brain networks reveals a structural core within posterior medial and parietal cerebral cortex, as
well as several distinct temporal and frontal modules. Brain regions within the structural core share high degree,
strength, and betweenness centrality, and they constitute connector hubs that link all major structural modules. The
structural core contains brain regions that form the posterior components of the human default network. Looking both
within and outside of core regions, we observed a substantial correspondence between structural connectivity and
resting-state functional connectivity measured in the same participants. The spatial and topological centrality of the
core within cortex suggests an important role in functional integration.

Cratiore Hagmana P, Carmnoun L Gigandet X, Meuli & Hooey C, et al (2008) Mapping the structural core of human cerebral comex. PLOS Biol (7)1 e159. G0t 01371/
Jourmal pbeo 00601 59
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Hagmann et al. (2008) PLOS Biol



Structure

Structure & function

Network structure of cerebral cortex shapes
functional connectivity on multiple time scales

Christopher J. Honey*, Rolf Kotter'*, Michael Breakspear®, and Olaf Sporns*?

*Department of Psychological and Brain Sciences, Indiana University, Bloomington, IN 47405; "Department of Cognitive Neuroscience, Section of
Neurophysiology and Neuroinformatics, Radboud University Medical Center, 6500 HB, Nijmegen, The Netherlands; *Cecile and Oskar Vogt

Brain Research Institute and Institute of Anatomy II, Heinrich Heine University, Moorenstrasse 5, D-40225 Dasseldorf, Germany;

and Ychool of Psychiatry, University of New South Wales, and The Black Dog Institute, Randwick NSW 2031, Australia
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BOLD correlations B
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Honey et al (2007)
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Structure & function

Activity

Predicting human resting-state functional connectivity
from structural connectivity

C. ). Honey®, O. Sporns™, L. Cammoun®, X. Gigandet®, J. P. Thiran®, R. Meuli¢, and P. Hagmann®<
of Psychological and Brain & Indiana Un ington, IN 47405; "Signal Processing Laboratory S, Ecole Polytechnique Fédérale de

*Department
Lausanne, O4-1011 Lausanne, WMMWMMM University Hospital Center and University of Lausanne, O4-1011 Lausanne, Switzerland
Edited by Marcus E. Raichle, Washington University, St. Louis, MO, and approved D ber 9, 2008 (received for review November 4, 2008)
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NIH Blueprinl' for Neuroscience Rf/fj’éf
| &

Research & Fundeng Resources & Tooks Trakning K-12 Educaton

Human Connectome Comnectome News asd Ansouncements

The NIH Human Connectome Projoct & an ambiious effont 1o map e neural o Chari Rose TV show dacusses NY Times HCP artichs &
pathwinys that underie human brain functon. The overanching purpase of the Proect Jamanry 8. 2004

15 %0 ACquIre And share dala about the structursl and funcional connectivity of ™e ¢ From the NIH Direcior's Biog: The Symghony insde Your Brpin
human Brain. | will greatly ASvancs the Capatiitas for Imaging and analyzing bean Nrvember 5§ 2012

CONNICHONS, MaUtng N MPOved Sansiwvly, Maciuson, and ytity, Baroly
acoplerating progress n the emenging ekl of Puman conmeciomes

Allogether, the Human Connectome Prosect will lead 10 Masor advances in our
understandng of what makes us uniquely human and will set the stage o future
studes of abnormal Brin Grogits 1 many Nerclogical And peyChatne Ssordess

Consortla

The Bueprnt has funded W Malkr COoparaive agreements that wil Sake
complemaniary approaches o decphorng the Sran's complax winng dagram. For
more information see the NIM press refoase, “$40 milon awarded 10 Yace human
ban's connections.”

—
Usa e box at the ng™t 1o search e consorium sdos or trowse the stos drecly -
using the nks bolow e







Supplemental history: Pre-connectomics

Network analyses in EEG ?

Cooeteal Cortex Jawary 2007 1792-99
Got 10 M9 Y cervoe by 1 27
Advance Access pubication Febwoary 1, 2000

Small-World Networks and Functional e . Nosiapee \aad
Connectivity in Alzheimer's Disease

'Department of Clinical Neurophysiology, VU University
Medical Center, PO Box 7057, 1007 MB Amsterdam. The
Nethertands, *Alzheimer Center, VU University Medical
Center, PO Box 7057, 1007 MB Amsterdam, The Netherlands,
*Human Motor Control Section, NINDS, National Institutes of
Health, 10 Center Drive MSC 1428 Bethesda, MD, USA,
*Fraunhofer First, Kekulestrac 7, 12489 Berlin, Germany,
*Brain Dynamics Centre, Westmead Hospital, Westmead,
New South Wales 2145, Australia and “School of Physics,

T

D

y've:,,va % University of Sydney, Sydney, Australia
LPRON
/o RN , The first and second authors have contributed equally to this work
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Network data acquisition Exzymszs

'In the case of rodent




BRAIN Initiative

| ]
(.) ALLEN INSTITUTE for X\
BRAIN SCIENCE 3

The human trdfinis the m plex piece of organized matter in the known universe,

We use odr f‘r‘:;uldv appro uncov S myst 5 and share valuable rescurces
with the q’al community of neuroscientists,

G5 1 han Brain Project . m




Allen Institute brain atlas

Shape and intensity average
of 1675 specmens
207 newly drawn structures
and cortical layers
(October 2016)




Circuit diagram of rodent brain

Allen Institute brain atlas

Oh et al. (2014) Nature



Default mode network: Rodent, Monkey, Human

Rat DMN Monkey DMN Human DMN
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Evolution of brain networks

C. elegans Mouse
W
e
-~ = .‘-:t'%." 1
i

Macaque

Van den Heuvel, M.P. et al., (2016) TICS



Brain/MIND project (2014-) in Japan
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Van den Heuvel, M.P. et al., (2016) TICS




