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NIH Roadmap
“The scale and complexity of today's biomedical 
research problems increasingly demand that 
scientists move beyond the confines of their own 
disciplines and explore new organizational models 
for team science.…Many sciences will still 
continue to pursue individual research projects, 
but they too will be encouraged to make changes 
in the way they approach the scientific enterprise.”

“This demands that we break down barriers 
among disciplines, as well as among our own 
institutes and centers.  We need to challenge 
ourselves to find even more innovative and 
effective ways of doing biomedical research and 
converting that into cures.”   
   Source: “NIH Announces Strategy to Accelerate Medical Research Progress”

September 30, 2003 at http://www.nih.gov/news/pr/sep2003/od-30.htm
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     Cyberinfrastructure Promise

• Ubiquitous, digital knowledge
environments that are both interactive and
functionally complete………… (Atkins report)

• revolutionize the processes of discovery,
learning and innovation across the science
and engineering frontier.

NSF’s 
Cyberinfrastructure

Dr. Deborah Crawford, NSF
Chair, Cyberinfrastructure Working Group
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Evolution of the Computational
Infrastructure

Supercomputer Centers

PACI

Terascale

1985          1990          1995          2000         2005          2010

        |                                         |                                      |                                       |                                    |                                       |

NPACI and
Alliance

SDSC, NCSA,
PSC, CTC

TCS, DTF,
ETF

Cyberinfrastructure

Prior 
Computing 
Investments

NSF Networking

CyberInfrastructure
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From Client-Server to Web 
Services
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Web services are loosely coupled, 
self-describing services that are 
accessed programmatically across a 
distributed network, and exchange 
data using vendor, platform, and 
language-neutral protocols

Fundamentally enabled by agreement 
on standards across a broad group of 
hardware and software organizations

Definition
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Standards of Web 
Services Stack

Network Transport Protocols
TCP/IP, HTTP, SMTP, FTP, etc.

Meta Language
eXtensible Markup Language (XML)

Services Communication
Simple Object Access Protocol (SOAP)

Services Description
Web Services Description Language (WSDL)

Services Publishing & Discovery
Universal Description, Discovery, and Integration (UDDI)

Business Process Execution
BPEL4WS, WFML, WSFL, Biztalk, etc.

Additional Standards...
WSXL

Enabling
Standards

Evolving 
Standards

Emerging 
Standards
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Collaboration - cooperation to 
achieve goal(s)

Much more than static exchange of e-
mail or spreadsheets

Interactive, live, real-time (as required)

Non-traditional IT architecture - not 
internally focused

Must support/facilitate interactions

Collaboration is rapidly becoming the 
rule rather than the exception

Web services allow support for 
collaboration at the process level

Supporting Collaboration
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Integration/Interoperation

Collaboration

Innovation

Initial Phases of 
Web Services

VIRGINIA
BIOINFORMATICS

INSTITUTE
A T  V I R G I N I A  T E C H



Building wrappers around legacy 
applications and systems

Fast cycles of learning

Deploy early and often approach

Increase in shared information 
across collaborators

Reach limits with immature standards 
and unprepared IT architectures

Integration/
Interoperation
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Web services reduce the level of 
human intervention in collaborative 
process

Increased experimentation outside 
firewalls

Increased interactions with 
collaborators and partners

Closer partners share standards and 
implement them to drive open 
architecture 

“External” partners start to share and 
collaborate further driving the chain

Collaboration
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Goal of collaboration is to 
establish/maintain/strengthen 
connections

People to people

People to content

People to applications

Applications to applications to 
content to applications

Main driver: improving 
connections

Importance of understanding 
and analyzing social networksVIRGINIA
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Lessons from integration and 
collaboration applied to drive new 
processes and models

New, distributed web service processes 
and applications drive change

Redefinition of how research is 
conducted across boundaries of 
organization

Exposing specific operational elements 
for dynamic linking to processes of 
partners

Organizations operating as part of truly 
interconnected ecosystem

Innovation
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A Major Missing Component

Genomics Transcriptomics

ProteomicsMetabolomics

Systems Interoperation
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Reverse Engineering the “Disease 
Triangle”

Host

Resistant   Susceptible

Pathogen

Avirulent   Virulent

Genomics

Products / Results

Functional Genomics

Metabolomics

Proteomics

Genomics

Products / Results

Functional Genomics

Metabolomics

Proteomics

Environment

PathoSystems Biology
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Human 
Host

Livestock 
Host

Plant 
Host

Intentional Pathogen 
Introduction

Natural Pathogen 
Introduction

Accidental Pathogen 
Introduction

Common 
Bioinformatics Data 

and Tools

Data/Tool 
Interoperation
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Role of IT
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GAO Report, May 2003, 03-139



Large high-quality data sets (DNA, mRNA, 
proteins, metabolites, moving from 
molecular to higher levels of organization)

Integrated wet chemistry and in silico 
experimentation, modeling, simulation, and 
theory development - with goals of 
prediction and mechanistic understanding

IT infrastructure (cyberinfrastructure) - 
software, hardware, bandwidth, personnel

Required Components 
To Achieve Synthesis
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Facilitate knowledge extraction from diverse 
data types

Interoperable access to diverse (molecular) data 
types

Interoperable access to analysis tools

Multiple domain-specific viewers

Easily extensible - planned from molecules 
to higher levels of organization

Ability to save and load work sessions

Feedback loop from viewers to tools

Allow association of different data models

PathPort - The Pathogen 
Portal Project
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Common vocabulary: Gene Ontology 
(GO)

Transport format: XML

Data definition language: XSD

Wire protocol: SOAP

Service definition language: WSDL

Service registry: UDDI [OGSA]

PathPort Is Built on 
Open Standards
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Utilizes established, open community 
standards

DAS-ML, BSML, MSA-ML (DNA) - Year 1

MAGE-ML (mRNA profiling) - Year 2

PEDRo (protein profiling) - Year 3

SBML (molecular models) - Year 3

CellML (cellular levels, including 
metabolism and signal transduction) - 
Year 4

AnatML (organ level) - Year 4

FieldML (spatially and temporally varying 
field information using finite elements) - 
Year 5

PathPort XML
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Data Integration: PathPort Architecture 

UDDIUDDI

Web ServicesWeb ServicesClientClient

Web Service

ToolBusToolBus

(Client Side 
Interconnect)

Data Model 
View

Data Model 
ViewUserUser

Files

ProgramsPrograms

Server 

Data Model 
View

Web Service

Web Service

Web Service

Web Service

Web Service

Web Service

Server 

Server 

PathPort 
Architecture
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DATA AND ANALYSIS TOOLS

MIDDLEWARE

CLIENT INTERFACES

Core Computational Facility Services
High performance computing and storage

Data Analysis Algorithms 
and Software

Databases and Data 
Repositories

PathPort Web Services
Web Services based access to data and analysis.

Website

Toolbus
Toolbus and associated Tools, Views and Models

Users

Web Browser
Internet Explorer, Netscape, etc.

PLANNED

PLANNED

PLANNED

PLANNED

PLANNED

CyberInfrastructure to 
Support Analysis
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A client-side interconnect with the 
following goals:

Platform independent

Easily extensible

Allow user-defined associations

Easy to use

ToolBus
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ToolManager Mode
l

Associator

Group

DataItem

ViewManager

View

MyModelMyViewManager

MyView

Tool

FTP

Program

FileDeader

Web service

bind
UDDI Web

ToolBus

publishfind

Result

Registry Open Grid
Services

OGSA
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An Interoperable Work 
Environment for Discovery



Annotation 
Viewing/Editing
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Comparative Genomics

VIRGINIA
BIOINFORMATICS

INSTITUTE
A T  V I R G I N I A  T E C H



Comparative Genomics
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Analysis of 
Transcriptional Profiles
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Microarray Analysis 

Project Viewer
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Tabular Data 
Viewer
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PathInfo Viewer
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NIAID’s RCEs



Cyberinfrastructure 
Enables MARCE

EMERGENCY RESPONSE

CORPORATE
PARTNERS:
Acambis
Aventis Pasteur
ID Bio
IOMAI
MedImmune
Merck
NAV Baxter
Shire
Sunol

PUBLIC HEALTH AUTHORITIES

MIDDLE ATLANTIC RCE
ACADEMIC PARTNERS
Major
JHU, Penn, Pitt, UMBI, UMD,
USUHS, UVa, VBI, VCU, VaTech
Developing
Drexel, GWU, GTWN, PSU

GOVERNMENT
PARTNERS:
USAMRIID
NIAID
NICHD
WRAIR
FDA
BDDRD (Navy)
SBCCOM         

OTHER RCEs

NIAID RCE PROGRAM OFFICE

•  Research Progress updates
•  Financial reports
•  Products
•  Proposed new projects 

•  Convey broad research priorities
•  Coordination with other RCEs
•  Convene periodic RCE meetings
•  Participation in MOC 

•  Confidential updates on RCE
   research 
•  Co-development of RCE products
•  Access to Clinical Trials Core
•  Access to BSL-3
•  Access to Bioinformatics Core

•  Media trained technical spokespersons 
•  BSL-3 surge capacity
•  Epidemiologic assistance 
•  Microbiologic assistance
•  BSL-3 lab personnel vaccinated
   against anthrax & smallpox
•  Training clinicians & health professionals
   to recognize Category A infections

•  Training in GMP for RCE scientists
•  Process development training  
•  Production of pilot lots of vaccines & Abs
•  Co-development of RCE products

•  Collaborative
   Research
   Projects
•  Specialized
   reagents

•  Exchange research reports 
•  Cross RCE collaborations   

•  Offer access to Mid-Atlantic RCE
   Clinical Trials Core expertise  

•  Emergency Response Plans 
•  Updates on preparedness
•  Notification of suspect bioterror
   threats
•  Requests for technical assistance
•  Requests for spokespersons

•  BSL-4 access
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More systematic
+ realistic simulation

More powerful 
tools for discovery

HP 
Computation

Communities Research
Groups

Acquisition,
Curation, &

Dissemination

Content

Model

Simulate

Experiment

Predict

21st Century 
Pathosystems Biology
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Questions?




