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What does this
mean?

•3D Volumes
•2D Images
•Surface meshes
•Tree structure
•Ball and stick
models
•Little squiggly lines

Data People

Information systems



The Neuroscience Information Framework:
Discovery and utilization of web-based resources

for neuroscience
ß Provides access to

neuroscience resources
on the web

ß Provides simultaneous
search of multiple
types of information,
organized by category
ß Databases, literature,

web pages
ß Supported by an

expansive ontology for
neuroscience

ß Utilizes advanced
technologies to search
the “hidden web”, i.e.,
information that can’t
be found by Google
ß Text mining tools for

literature
ß Database mediators

http://neuinfo.org
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Supported by NIH Blueprint



Where do I find…
• Data
• Software tools
• Materials
• Services
• Training
• Jobs
• Funding

opportunities

• Websites
• Databases
• Catalogs
• Literature
• Supplementary

material
• Information portals

…Lots and lots of them



NIF in action



NIF 2.0

• New look and
feel

• Better query
expansion

• Category
browsing of NIF
registry

• Ontology-based
ranking of web
results

• Integrated views

• First export of
data in RDF

• First web
services released

• First MyNIF
features

• Release of DISCO
tool suite



Integrated views and gene
search



Guiding principles of NIF
• Builds heavily on existing technologies (BIRN, open source

tools)
• Information resources come in many sizes and flavors
• Framework has to work with resources as they are now

– Federated system;  resources will be independently maintained
– But…moving forward there are things that resource providers can

do that will make things a lot easier
• No single strategy will work for the current diversity of

neuroscience resources
• Trying to design the framework so it will be as broadly

applicable as possible to those who are trying to develop
technologies

• Interface neuroscience to the broader life science community
• Take advantage of emerging conventions in search and in

building web communities



Registering a Resource to
NIF

Level 1
NIF Registry:  high level descriptions from NIF vocabularies
supplied by human curators

Level 2
Access to deeper content;  mechanisms for query and
discovery;  DISCO protocol

Level 3
Direct query of web accessible database
Automated registration
Mapping of database content to NIF vocabulary by human



The NIF Registry



Level 3
• Deep query of federated databases with

programmatic interface
• Register schema with NIF

– Expose views of database:  try to create views
that are simple and easy to understand for NIF
users

– Map vocabulary to NIFSTD
• Currently works with relational and XML

databases
– RDF capability planned for NIF 2.5 (April 2010)

• Works with NIF registry:  databases also
annotated according to data type and
biological area



Level 2:  Updates and deeper
integration

• DISCO involves a collection of files that reside on each participating
resource.  These files store information describing:
   - attributes of the resource, e.g., description, contact person,
     content of the resource, etc. -> updates NIF registry
   - how to implement DISCO capabilities for the resource

• These files are maintained locally by the resource developers and are
“harvested” by the central DISCO server.

• In this way, central NIF capabilities can be updated automatically as
resources evolve over time.

•  The developers of each resource choose which DISCO capabilities their
resource will utilize

Luis Marenco, MD, Rixin Wang, PhD, Perry L. Miller, MD, PhD,
Gordon Shepherd, MD, DPhil
Yale University School of Medicine



Interoperability:  DISCO-
Biositemaps

• Foundational DISCO very similar to Biositemaps
• NIF DISCO recently reconciled its basic resource description with

Biositemaps
• NIF can now import Biositemaps Anita Bandrowski and Luis Marenco



DISCO Level 2 Interoperation

• Level 2 interoperation is designed for resources that
have only Web interfaces (no database API).

• Different resources require different approaches to
achieve Level 2 interoperation.  Examples are:

• CRCNS - requires metadata tagging of Web pages

• DrugBank - requires directed traversal of Web pages
to extract data into a NIF data repository

• GeneNetwork - requires Web-based queries to
achieve “relational-like” views using “wrappers”



DrugBank Example

The DrugBank Web interface showing data
about a specific drug (Phentoin).



DrugBank Example (continued)

This DISCO Interoperation file specifies how to extract data from the DrugBank
Web interface automatically.



DrugBank Example (continued)

A NIF user views data retrieved from DrugBank in response to a query in a
transparent, integrated fashion.



NIF’s simple rules…

NIF blog



How are ontologies used in
NIF?

• Search:  query expansion
– Synonyms-try to smooth over differences

without explicit mapping
– Related classes
– “concept based queries”:  what I mean not

what I say
• Annotation:

– Resource categorization
– Entity mapping-incremental process

• Ranking of results
– NIF Registry;  NIF Web



Modular ontologies for neuroscience

‹ NIF covers multiple structural scales and domains of relevance to neuroscience
‹ Incorporated existing ontologies where possible; extending them for neuroscience where

necessary
‹ Normalized under the Basic Formal Ontology:  an upper ontology used by the OBO Foundry
‹ Based on BIRNLex:  Neuroscientists didn’t like too many choices
‹ Cross-domain relationships are being built in separate files
‹ Encoded in OWL-DL, but also maintained in a Wiki form, a relational database form and any other

way it is needed

NIFSTD

NS FunctionMolecule InvestigationSubcellular
Anatomy

Macromolecule Gene

Molecule
Descriptors

Techniques

Reagent Protocols

Cell

Instruments

Bill Bug

NS
Dysfunction QualityMacroscopic

AnatomyOrganism

Resource



Balancing act
• Different schools of thought as to how to build vocabularies

and ontologies
• NIF is trying to navigate these waters, keeping in mind:

– NIF is for both humans and machines
– Our primary concern is data
– We have to meet the needs of the community
– We have a budget and deadlines

• Building ontologies is difficult even for limited
domains, never mind all of neuroscience, but we’ve
learned a few things
– Reuse what’s there:  trying to re-use URI’s rather than map when

possible
– Make what you do reusable:  adopt best practices where feasible

• Numerical identifiers, unique labels, single asserted simple hierarchies
– Engage the community
– Avoid “religious” wars:  separate the science from the informatics
– Start simple and add more complexity

• Create modular building blocks from which other things can be built



What are we doing?
• Strategy: Create modular building

blocks that can be knit into many
things
– Step 1:  Build core lexicon (NeuroLex)

• Classes and their definitions
• Simple single inheritance and non-controversial

hierarchies
• Each module covers only a single domain

– Step 2:  NIFSTD:  standardize modules under
same upper ontology

– Step 3:  Create intra-domain and more useful hierarchies
using properties and restrictions

– Brain partonomy

– Step 4: Bridge two or more domains using a
standard set of relations

– Neuron to brain region
– Neuron to molecule



Anatomy Cell Type Cellular
Component

Small
Molecule

Neuro-
transmitter

Transmembrane
Receptor

GABA GABA-R

Transmitter
Vesicle

Terminal Axon
Bouton

Presynaptic
density

Purkinje
Cell

Neuron

Dentate 
Nucleus
Neuron

CNS

Cpllection of 
Deep Cerebellar

Nuclei

Purkinje
Cell Layer

Dentate
Nucleus

Cytoarchitectural
Part of

Cerebellar Cortex

Expressed in

Located in “Bridge files”



Neurolex
• More human centric
• Synonyms and abbreviations were essential

for users
• Can’t annotate if they can’t find it
• Can’t use it for search if they can’t find it
• Facilitates semi-automated mapping

• Contains subsets of ontologies that are
useful to neuroscientists
– e.g., only classes in Chebi that neuroscientists

use
• Wanted the community to be able to see it

and use it
– Simple understandable hierarchies

• Removed the independent continuants, entity etc
• Used labels that humans could understand

– Even if they were plural (meninges vs meninx)





NeuroLex Wiki

http://neurolex.org Stephen Larson

•Uses Semantic Media wiki
software
•Each class becomes a
category page
•Good way to train
neuroscientists on ontology
construction
•Supports automatic
classification based on
properties
•Has custom forms for
different entities, e.g., brain
regions vs neurons
•When the parent is assigned,
the correct form is provided
•Has simple human
understandable properties
•Curated



Maintaining multiple versions

• NIF maintains the NIF vocabularies in
different forms for different purposes
– Neurolex Wiki:  Lexicon for community

review and comment
– NIFSTD:  set of modular OWL files

normalized under BFO and available for
download

– NCBO Bioportal for visibility and services
– Ontoquest:  NIF’s ontology server

• Relational store customized for OWL ontologies
• Materialized inferred hierarchies for more

efficient queries



NIF Architecture

Gupta et al., Neuroinformatics, 2008 Sep;6(3):205-17



NIF Ontology Curation
Workflow

Fahim Imam



Reuse principle in practice
• Biggest impediment to query across

distributed data repositories is
terminology

• Reuse of community ontologies good
idea

• NIF tries to do this but…
– Ontologies aren’t ready
– Didn’t know an ontology existed

• Divergence  convergence?
– Ontologies aren’t constructed in a way

that maximizes their ability to be reused



NIF Resource Descriptors

• Working with NCBC (Biomedical Resource Ontology) and NITRC to come up
with single resource ontology and information model

• Reconciling current versions;  trying to move forward jointly
• Same classes, different views?

Peter Lyster, Csongor Nyulas, David Kennedy, Maryann Martone, Anita Bandrowski



Applying NIF principles
• NIFSTD module: NIF investigation

• Based on BFO-OBI
• Contains objects that are related to resource types, e.g., software

applications;  instruments
• Extremely human unfriendly

– Realizable entity?
– Over normalized

• NIFSTD module:  NIF Resource
– Independent-dependent?  Punted
– Resource categories, e.g., software resource
– Objects from NIFSTD reclassified under resource categories

using very simple logical restrictions
• NIF resource browser

– Assigns alternate labels that are easier for users to
understand



Evolution of the NIF Resource
Ontology

Object Function Target
Audience

Data Type Data Format

Materials
 -Biomaterials
 -Reagents

Software

People

Grants

Jobs

Information

Service
 -Storage
 -Production

Funding

Job Service

Community-
building

General

Kids

Student

Medical

Researcher

Structured
 -Database
 -Atlas

Unstructured
 -Journal
 -Webpage

Text

RDF Text

Picture

Video



NIF Cell Ontology

• NIF isn’t building ontologies;  we import
and extend as necessary
– Establishing pipelines to ontology builders to

feed classes
• e.g., Chebi, OBI, PRO, FMA, NEMO, CogPo

• One exception:  neurons and glia
– NIF is creating an ontology for neurons
– Defining a standard set of properties by

which they can be defined



NIF Cell



NIF cell bridge files use to create
inferred hierarchies

• NIF cell to molecule
– Neurotransmitters
– Other molecules

• NIF cell to brain region
– Each NIF cell name is a precomposed brain region

plus cell type
• Uniquely identifies all cells

– Location assigned at the level of part of neuron
not neuron class

• Hippocampal neuron:  has cell soma location
hippocampus or any part

• NIF cell to qualities, e.g. morphology
– Pyramidal neurons





NIF Cell in Action



NIF Evolution

V1.0:  NIF
NIF 1.5*

Then Now Later



Summary
• NIF has tried to adopt a flexible, practical approach to

assembling, extending and using community ontologies
– We believe in modularity
– We believe in starting simple and adding complexity
– We believe in balancing practicality and rigor
– We believe in single asserted hierarchies and multiple inferred

hierarchies
• NIF is working through the International

Neuroinformatics Coordinating Facility (INCF) to engage
the community to help build out the Neurolex and
“weaving the threads”

• The more different groups work together on establishing
the basic frameworks for biomedical data, the less time
and effort we need to spend on reconciling the 80%
overlap between efforts and the more time we can spend
on delving into the deeper semantics of data integration


