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Data Catalog Task Force Objective:

Establish a sustainable data search
capability for the output of the
International brain initiatives



The Google Knowledge Graph
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The Knowledge Graph is a knowledge base used by Google and its
services to enhance its search engine's results with information
gathered from a variety of sources. The information is presented to
users in an infobox next to the search results. Wikipedia



The Google Knowledge Graph

More images

Human brain

The brain is one of the largest and most complex organs in the human
body. It is made up of more than 100 billion nerves that communicate in
trillions of connections called synapses. ... The brain stem is between the
spinal cord and the rest of the brain. Basic functions like breathing and
sleep are controlled here. May 18, 2019

Brain (Human Anatomy): Picture, Function, Parts,
Conditions ...

https://www.webmd.com » brain » picture-of-the-brain

People also search for View 5+ more
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Google Dataset Search

Google Dataset Search Q. weather siteznoaa.gov X About

@ Monthly Weather Review @ <
v data.nodc.noaa.gov “

catalog.data.gov

Updated May 2, 2013 Monthly Weather Review
gov.noaa.ncdc:C01044

data.nodc.noaa.gov catalog.data.gov
World Weather Records @ @

v data.nodc.noaa.gov

Published May 31,2017
ublished May 31, 2017 Dataset created Mar 15,2011

Dataset updated May 2, 2013

Dataset published Mar 15,2011
Mariners Weather Log

v data.nodc.noaa.gov

catalog.data.gov Dataset provided by
+1more : ~ ' '
National Oceanic and Atmospheric Administration

Published 1957
Time period covered 1914 - 1949

Daily Weather Records

V data.nodc.noaa.gov Area covered

catalog.data.gov United States of America, Pacific Ocean, North Pacific Ocean
+Tmore

Published Dec 1, 2013 ..
Description

Supplements to the Monthly Weather Review publication. The Weather Bureau published the Monthly weather review

@ Surface Weather Signal Service Supplement irregularly from 1914 to 1949. The Supplement replaced numerous independent series of bulletins that the
Bureau published before 1914. The Supplements featured contributions to the science of meteorology and weather
v and Weather Bureau a . S : o .
forecasting that were too voluminous to publish in the regular Monthly weather review. The Bureau never published no.
data.nodc.noaa.gov 43. The Monthly Weather Review series has also been scanned, and is hosted by the American Meteorological Society,
catalog.data.gov which assumed publication in 1974.
+1more

Published 2011

https://developers.google.com/search/docs/data-types/dataset

Currently only supports whole datasets, not granular individual data entities.



) tructured data

9 Google Search Q. Search

HOME GUIDES REFERENCE CASE STUDIES APIS TOOLS SUPPORT

roduction Introduction to Structured Data

Structured data Google Search works hard to understand the content of a page. You can help us by providing explicit clues about the

meaning of a page to Google by including structured data on the page. Structured data is a standardized format for
providing information about a page and classifying the page content; for example, on a recipe page, what are the

About Search features

Search feature gallery

Introduction to structured data ingredients, the cooking time and temperature, the calories, and so on.

Enhance your site's attributes

Mark up your content items Google uses structured data that it finds on the web to understand the content of the page, as well as to gather

Build, test, & release structured data information about the web and the world in general. For example, here is a JSSON-LD structured data snippet that might
Structured data general guidelines appear on the contact page of the Unlimited Ball Bearings corporation, describing their contact information:

Feature guides
<script type="application/ld+json">

AMP {
"@context”: "http://schema.org",
DB LA "@type": "Organization”,
Enhance AMP for Search "url": "http://www.example.com",
Validate AMP "name"”: "Unlimited Ball Bearings Corp.",
Remove AMP content from Search ‘contactPoint”: {

"@type": "ContactPoint”,

Integrate with Google products : o §
telephone”: "+1-401-555-1212",

"contactType": "Customer service"
Prepare your content )
Create quality pages }
Associate your online resources </script>

Rendering on Google Search



schema.org
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Schema.org is a collaborative community activity with a mission
to "create, maintain, and promote schemas for structured data on
the Internet, on web pages, in email messages, and beyond."
Wikipedia

Year started: 2011

Base standards: URI, HTMLS5, RDF, Microdata, 1ISO 8601

Related standards: RDFa, Microformat, RDFS, OWL, N-Triples,
Turtle, JSON, JSON-LD, CSV

Organization: Google, Yahoo, Microsoft, Yandex

Domain: Semantic Web

License: CC-BY-SA 3.0

The schemas are a set of 'types’, each associated with a set of properties.
The types are arranged in a hierarchy.

The core vocabulary currently consists of 614 Types, 902 Properties, and
114 Enumeration values.

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------

----------------------

.................................................................................................................................................

-----------------------------------------------

...........................

--------------------------------------------------------------------------------------------------------------------

.....................................................................................................

..............................................................................


http://schema.org

Why do businesses implement structured data?

Structured data helps sites appear in
Google’s Knowledge Graph

For sites that appear in highly competitive verticals,
getting the edge over your competition is critical, and
one way to do this is by establishing your site presence
with Google and appearing in the Knowledge Graph.

To enable your business Knowledge Graph card, earlier
you would have needed to add the necessary Corporate
Contact markup on the homepage of your website.

Google
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Towards an International Brain Initiative Knowledge Graph...

Why should neuroscientists implement
structured data descriptions in their
websites?

What are the incentives in neuroscience that will make it
so motivating to establish the presence of your data in an
International Brain Initiative Knowledge Graph?

To enable your neuroscience data Knowledge Graph card,
earlier you would have needed to add the necessary
Brain Research Data markup on your website. Then the
a data card could be automatically added to the IBI
Knowledge Graph.

Google

all neurons in human cerebral cortex

Q Al

CJ Images (] Videos [ News

About 41,200,000 results (0.57 seconds)
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First review all current brain initiative approaches
to structured metadata:

Human Brain Project - EBRAINS Knowledge Graph
Blue Brain Project - Neuroshapes

Japan Brain/MINDS Data Portal

Canadian Open Neuroscience Platform

INCF KnowledgeSpace

DANDI: Distributed Archives for Neurophysiology Data Integration

SPARC Data Structure



Example: ""4: Brain MINDS

DATA PORITAL

* Launched in 2014, Brain/MINDS is Japan’s Brain Mapping
Project.

* The core institute for the project is RIKEN and it was
sponsored by MEXT in 2014 and now AMED since 2015.

* The unigue appeal of the Brain/MINDS project is its focus

on mapping the brain of a small new world monkey, the
common marmoset (Callithrix jacchus).



Brain  MINDS

DATA PORTAL

schema.org Dataset metadata for Brain/MINDS 3D Marmoset Reference Brain Atlas
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http://schema.org

Generated dataset landing page for Brain/MINDS 3D Marmoset Reference Brain Atlas
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Brain MINDS

DATA PORTAL

Brain MINDS

DATA PORIAL

BMA 2019 Ex Vivo (BraimSpace2)

Deta [ apiorstion and Downloss - Resowrces snd Tools - heaw s Abour Contact Us

festhory Awanrde Woodwwrd ' Ker Natse”, urvch Hate’ 45 Hidenso Obano” ¢ Swn mter Yous Yameguch® ¥

1 Cormeciome Aratyms Untt integeatve Competationsl frss Scence Collsboraton Dremion, RIKEN Ceeter for llzan Science

Z Imegrated Systems Biology Laborstory (shi Ladorastory), Diwision of Systerme nformatics, Department of Systerms Scleace, Grodeate School 0 A townkoae
Kyoto Universiey [N

3 Labosmony for Marmonst Nectal Acchilecture, RIKEN Contar for Baan Soence

& Departyreen of Shymiciogy |Dtero Lab), Keo Urnwersty Schodl of Medicrm, Kao Unieeesty Schoal of Nedcre

5 Dwison of Regenerayee NMedone. Mos Urvsersty School of Mediare 4 townbe
& Agpled Becryonics Laboranory. Kanazawe nathun of Technoiogy R~

7. Cratuae Schodl of omaton Soence and Technoogy, The Unnwetaly Tokyo

£ Laboesiory for Cogretee Boam Maggang SIKEN Corter fo¢ Bran Soerce

‘comeporing suthor Aecgnder Woochasd | secanchs woodawwtiinbes o)

DATASET DESCRIPTION

Thes afas 15 corrposed of 8 popolion swrage sxwws MBI TIW corfrast mapped stBh the BVA 2077 Ex Vi (pushahed by Woodwwrd ol ol s

- WIN - N T rt rar atne)

The popelanon awerage NMR1 was constructed based on scans of 25 Indhacul brains. The 235 brains were abgned M one another by feratively appiying Inear
2N 2ON AN MgEITEIION AN SV TH Uarsfomalon fdes undll comsengence Deta of indrAtudd Lraies was then 1esampled with an isotropee spatel
seschabon of 200100100078 ared svetaged scroas Bean The regaluslon prooedere Gaw & Dian shaps At & Agh sig2el 10a0tee 18110 COMpased 1 an
rdadael M3 soan The seecage VR v then ACST sigoed wither an RAS (Right-dntenos-Sqpenor| coosdngte gysiem

KEYWORDS  dgrty! stes. mprmonet, Calkturs jacchus, beain. reference stias, 30 NITL bean sties, 20 Shoer

CITATION

Woodwirt Alesarcier: Nakae Ken: Mata Junche Otano. Mideyuks Ista. Shwrr Yarmaguchs, Yoks - Bran/WENDES 3D Marmoset Reference Brae Aths 2019
[DesalD 4520} oM 4

LICENSE

mh:oznvn(WMM'a y At 4 ) tonal Lice
DOWNLOAD

- BMANYExVieevIDD

Go 10 package Sownload page:

b 2019 axvivo w1M
b [ OHMNGES M
« b besw Cula

B ect cs ot mamden oo oA N od we



Google Dataset Search

Google

v Last updated v Download format

100+ datasets found

Brain/MINDS 3D Marmoset
Reference Brain Atlas 2017

www.brainminds.riken.jp

[E]) nifti-1

Updated Apr 22, 2020

Brain/MINDS 3D Human Brain
Image Dataset

www.brainminds.riken.jp

[E] nifti

Updated Nov 2, 2017

Brain/MINDS Marmoset
Optogenetics Dataset O1

www.brainminds.riken.jp

[E] nifti, xIsx, mat
Updated Jun 30, 2018

==~*.  Brain/MINDS 3D Marmoset

«aces Reference Brain Atlas 2019

www hrainminde riken in

Q_ brain/minds X @ I 28 m

v Usage rights v Topic Free Saved datasets

Brain/MINDS 3D Marmoset Reference Brain Atlas 2017 Qo» <

BMA 2017 Ex Vivo (Brain Space 1)
reference-atlas-data

Explore at www.brainminds.riken.jp

3 scholarly articles cite this dataset (View in Google Scholar)
|§] nifti-1 (72 MB), nifti-1 (103.35 MB)

Unique identifier
https://doi.org/10.24475/bma.2799

Dataset updated Apr 22, 2020

Dataset provided by

Brain/MINDS — Brain Mapping by Integrated Neurotechnologies for Disease Studies
Neuroinformatics Japan Center

Authors

Alexander Woodward; Tsutomu Hashikawa; Masahide Maeda; Takaaki Kaneko; Keigo Hikishima; Atsushi Iriki; Hideyuki Okano; Yoko
Yamaguchi

License

Attribution 4.0 (CC BY 4.0)

License information was derived automatically

Dataset funded by

Japan Agency for Medical Research and Development

https://developers.google.com/search/docs/data-types/dataset

Currently only supports whole datasets, not granular individual data entities.



Limitations of Google
Dataset Search:

No guarantee that your datasets will be indexed or searchable

No application programming interface to build other search
engines

No support for neuroscience specific metadata

Limited to entire datasets
- not clear when it might support neuroscience record level

data



INCF KnowledgeSpace - knowledge-space.org

A community-based encyclopedia/data discoverability portal for neuroscience that links
brain research concepfts to the data, models, and literature that support them.

Features:

oy

Thalamus DataSpace

ntity > Anatomical entity > Regional pannof organ » Regional partofbrain > Thalamus

Core concepts:
e Provides a search engine for neuroscience symonyms: () D (S (D) GRS G5

The thalamus is a paired subcortical brain structure joined at the midline and sitting very near the center of the brain. In the human, each half

reso u rces i n CI u d i n g d at a : CO m p u ta‘ti O n aI is roughly the size and shape of a walnut. There are two major components. First is the dorsal thalamus, which is comprised of roughly 15 ANATOMY 147 results

nuclei with relay cells that project to the cerebral cortex. (By "cortex™ in this account, we mean "neocortex.”) Second is the ventral thalamus,
the major portion of which is the thalamic reticular nucleus, which sits like a shield flush against the lateral surface of the dorsal thalamus;

I I I Od e I S a n d I Ite ratu re reticular cells are GABAergic and project into the dorsal thalamus to inhibit relay cells. The other cellular component of thalamus, in addition to EXPRESSION 123702 results -

relay and reticular cells, is interneurons, which are also GABAergic, sit amongst the relay cells, and inhibit them. Generally, the relay cell to
interneuron ratio is between 3 and 4 to one. An exception is found the mouse and rat, in which interneurons are essentially missing from all L
PHYSIOLOGY

o S u p po rtS e n CyCI O ped ia a rti CI eS With I i n kS to thalamic nuclei except the lateral geniculate nucleus (Arcelli et al, 1997). 33 results .

Most of the relay nuclei topographically innervate the middle layers of cortex, but a few along the midline and extended between other nuclei UNCATEGORIZED 46 results
re I at e d re S O u rC e S project rather diffusely to upper cortical layers, including layer 1; rather littie is known of these latter, diffusely-projecting nuclei, and they are

not further considered in this account (for further details, see Sherman and Guillery, 2006; Jones, 2006). The remaining thalamic relay nuclei

each innervates one or a small number of cortical areas. Indeed, all information reaching cortex passes through thalamus, and thus thalamus

. P rOVi d eS a n AP I to S u p po rt FAI R d ata sits in a strategic position for brain processing.

The maijor role of thalamus is to gate and otherwise modulate the flow of information to cortex. For example, visual information from the retina
is not sent directly to visual cortex but instead is relayed through the lateral geniculate nucleus of the thalamus. In the macaque monkey, there
are roughly 1x10"6 geniculate relay cells (Williams and Rakic, 1988), but in primary visual cortex there are roughly 1.6x10%8 neurons
(O'Kusky and Colonnier, 1982), which is typical of thalamocortical relationships. Thus thalamus represents the final bottleneck of information
flow before it gets into cortex. In other words, to modify information flow for processes of attention and other behavioral requirements, it is
more efficient to do this at the level of thalamus before it reaches cortex. While there is still much to learn about the cell and circuit properties

: do know supports this general view of thalamic function. For further details of thalamus, see Jones (2006)
n x /s # X ¥ X

Descriptions of neuroscience research concepts
_inks to ontologies that define concepts

_inks to PubMed entries associated with the concepts
_inks to data/models related to the concepts

MODELS 217 results

MORPHOLOGY 7080 results .

Supported by:

&) ‘incf



http://knowledge-space.org

Proof of Concept IBI Data Search:

O 0 00000000

‘ KnowledgeSpace

brain MINDS

FILTERS

KEYWORDS

Brain (7)

Callithrix Jacchus (6)

NIfTI (4)

Marmoset (4)

MRI (3)

3D (2)

3D Slicer (2)

ECoG (2)

Electrocorticography (2)

Brain Atlas (2)

Brain/MINDS Results

Title

Brain/MINDS
3D Marmoset
Reference
Brain Atlas

2019

Brain/MINDS
3D Marmoset
Reference
Brain Atlas
2017

Developmental
Age-Specific
Brain
Templates
Dataset

Brain/MINDS
3D Human
Brain Image
Dataset

Brain/MINDS
Marmoset
Optogenetics
Dataset 01

Brain/MINDS

RESOURCES ABOUT

SEARCH

7 records found

Description

This atlas is composed of a population average ex-vivo MRI T2WI contrast mapped with the [BMA 2017 Ex Vivo]
(https://www.brainminds.riken.jp/reference-atlas-data/) (published by Woodward et al. _[The Brain/MINDS 3D digital
marmoset brain atlas](https://www.nature.com/articles/sdata20189) ). <br/>The population average MRI was
constructed based on scans of 25 individual brains. The 25 brains were aligned with one another by iteratively applying
linear and non-linear registration and averaging the transformation files until convergence. Data of individual brains were
then resampled with an isotropic spatial resolution of 100x100%x100um3 and averaged across brain. The registration
procedure gave a brain shape with a high signal-to-noise ratio compared to an individual MRI scan. The average MRI
was then AC-PC aligned within an RAS (Right-Anterior-Superior) coordinate system.

The dataset includes NIfTI files of MRI T2 ex-vivo data; reconstructed Nissl stained images of the same brain, registered
to the shape of the MRI; brain region segmentation (with separate color lookup table); and gray, mid-cortical and white
matter boundary segmentation. In addition, a 3D Slicer scene file is provided that can be used for testing the dataset
within the freely downloadable 3D Slicer software ([https://www.slicer.org/](https://www.slicer.org/)). The scene file can be
dragged directly into 3D Slicer and the atlas can be used immediately. Files can be downloaded individually or as one zip
file. </br>The atlas can be viewed online via the Zooming Atlas Viewer (ZAV) by clicking [here]
(https://www.bminds.brain.riken.jp/ZAViewer_Reference_Brain/).

The dataset includes NifTl files of MRI T1-weighted images data and T2-weighted images at the age of 1 month, 3
months, 6 months, 12 months, 18 months, and 24 months. The templates at the age of 18 and 24 months were
registered to the stereotaxic coordinates defined in Paxinos[*1] and Woodward et al[*2]. For the template at the age of 1,
3, 6, 12 months, we newly defined the stereotaxic coordinates. For details regarding the procedure, please download
[Additional_information_about_the dataset.pdf](https://www.brainminds.riken.jp/download/3815) [*1]: Paxinos G. The
marmoset brain in stereotaxic coordinates. Academic Press. 2012. [*2]: Woodward A, Hashikawa T, Maeda M, Kaneko T,
Hikishima K, Iriki A, Okano H, Yamaguchi Y. The Brain / MINDS 3D digital marmoset brain atlas. DOI:
https://doi.org/10.24475/bma.2799

Human brain images obtained with 3T MRI. The dataset includes T1-weighted images of patients with schizophrenia,
those with major depressive disorder, and those with bipolar disorder, as well as of healthy controls. This dataset will
contribute to promoting research on brain mapping in human psychiatric disorders. <br/> See detailed dataset
description at [https://www.brainminds.riken.jp/human-brain-images-about](https://www.brainminds.riken.jp/human-brain-
images-about)

Eight weeks after the virus injections, we applied 3.5 V to each LED for 200 ms to monitor the development of neural
responses to photostimuli. In each session, eight LEDs were pseudo-randomly illuminated and 50 stimulation trials were
performed for every LED. Inter stimulus intervals were fixed at 2 s. ECoG data were sampled at 1KHz. <br/>Further
information can be found on [TychoWiki](http://wiki.neurotycho.org/Marmoset_Optogenetics_Details)

We used auditory stimuli of different durations (AD) and frequencies (AF). In AD, 10 types of pure sinusoidal tones (1 ms
rise/fall) with different durations (10, 25, 50, 75, 100, 125, 150, 175, 200, and 225 ms; 1000 Hz; 2000 stimuli in total)



KnowledgeSpace integrates IBl Data Sources:

brain

@ DATASETS

SEARCH

% ENCYCLOPEDIA

E] LITERATURE

FILTERS

SOURCES

Allen Brain Atlas Mouse Brain -

Expression
NeuroMorpho
GENSAT
EBRAINS

Cell Image Library

OpenNEURO

ModelDB
NeuronDB

IonChannelGenealogy

CONP Portal

DANDI Archive

NeuroML Database

Brain/MINDS

SPARC

10000 records found

Data Results: brain

View more

CIL:42603 - house mouse - brain macrophage

Multiphoton image of microglia (GFP, green) and cerebral blood vessels (Texas-red dextran, red) in living, anesthetized transgenic mouse. Microglia
are glial cells that are the resident macrophages. Honorable Mention, 2009 Olympus BioScapes Digital Imaging Competition®.

View more

CIL:13007 - rat - brain macrophage

Section from rat brain cortex showing a subset of fluorescent-protein expressing neurons and microglia. Most prominent in this image are the cell
bodies and proximal dendrites (including the stalk of the apical dendrite, oriented toward the lower left corner) of two pyramidal neurons (one red, and
one green), and fine axons and dendrites from many other neurons coursing through the tissue. The colors represent the Z-position in a maximum
intensity projection of an image (compiled from 90...

http://cellimagelibrary.org/images/13007

View more

CIL:27156 - rat - brain macrophage

Z-stack from rat brain cortex showing a subset of fluorescent-protein expressing neurons and microglia. Most prominent in this image are the cell
bodies and proximal dendrites (including the stalk of the apical dendrite, oriented toward the lower left corner) of two pyramidal neurons, and fine
axons and dendrites from many other neurons coursing through the tissue. This stack is accompanied by a colorized maximum projection in the image
group. Neurons are expressing soluble YFP using the...

View more
Cll -12NNA - rat - hrain marrnnhana



Next steps:

Prepare an inventory of available data repositories in the brain initiatives, metadata
standards, and governance models for data access;

Establish a sustainable governance process for developing, approving, and revising a
standard metadata model(s) for describing neuroscience datasets;

Develop tools, best practices, and guidelines for publishing datasets using the
standard metadata model;

Configure and operate a core infrastructure and portal for ingesting, indexing, and
searching dataset metadata,;

Define and implement interoperability with existing data portals and infrastructures,
and interoperability guidelines for new repositories;

Develop and disseminate tutorials, training materials, and educational activities for
dataset publishing;

Develop and enact a global communications strategy to internal stakeholders, funding
organizations, and neuroscience researcher communities regarding the activities and
products of this project.



