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The Post-Genomics Era
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Bioinformatics in support of 
Post-Genomic Research
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Bioinformatics in support of 
Systems Biology
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New opportunities for
health informatics

• Genome Project
– Interest for

biologists
– One gene at a 

time
– Monogenic

diseases
– Tedious

genotyping
– DNA level
– Bioinformatics 

explosion

• Post-Genomics
–– ClinicalClinical interestinterest
– Hundreds or thousands

of genes simultaneously
–– ComplexComplex diseasesdiseases
– High throughput

genotyping
– DNA, RNA, Proteins
–– IntegrationIntegration of of clinicalclinical

andand geneticgenetic
informationinformation
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Overview
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A model for studying interactions

To apply IT to facilitate molecular medicine

To adapt medical 
informatics
systems to the
genetics paradigm

To foster the
application of  
bioinformatics in 
health
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Molecular imaging

• Medical imaging + genomics
• Imaging molecular alterations that are 

the basis of disease rather than their
effects

• R. Weissleder. Radiology 2001; 
219:316-333
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Levels and technologies

Anatomy
Physiology
Metabolism
Molecular

Today Tomorrow

CT
US

MRI
Nuclear
Optical
Nano
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Molecular Imaging

• New markers for early disease
detection

• Specific markers for therapy
assesment

• Drug screening
• Imaging of gene expression



Molecular Imaging ExamplesMolecular Imaging Examples

NIR Fluorescence imaging of gene expression (in genetically 
modified mouse)

• Requires insertion of luciferase or GFP gene in conjunction 
with gene of interest

Administration of exogenous agents (radiopharmaceutical) that 
is receptor-specific or metabolically active

• PET scans of 18F-DesoxyGlucose (FDG) show preferential 
uptake by many tumors

• Bombesin (short peptide) receptor-targeted pharmaceuticals



Rat brain MRI scansRat brain MRI scans
MRI scans allow repeat 
evaluation of tumors 
• Reduces number of animals 

needed
• Individuals serve as their own 

controls
MRI scans depict anatomy with 
sub-mm detail
Administration of exogenous 
agents allows receptor mapping 
(Bombesin analog)
Specific agents are designed to 
reach targets and produce MR 
signal that can be superimposed 
on anatomic map

Scans from B. Ross, Univ. of Michigan
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2003
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Expenditures for Technology in 2000 
and Projected Growth 2000-2005
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$9.5B acquisition

Serves as the basis
for “GE Healthcare 
Technologies”

Intended to 
commercialize 
personalized 
molecular medicine

GE -
Amersham



October 2003

Creating GE Healthcare TechnologiesCreating GE Healthcare Technologies

Recommended Acquisition of Amersham



GEMS Today  GEMS Today  -- Growth Engine in Imaging, Services & ITGrowth Engine in Imaging, Services & IT

Key GE Growth BusinessKey GE Growth Business
~$10B ‘03 Revenue
~18% Op Profit Margin

(LTM 9/30/03)

Diagnostic
Imaging

Anatomical Imaging 

•• Technology InnovationTechnology Innovation
•• Clinical ProductivityClinical Productivity
•• GlobalizationGlobalization

Molecular Imaging

Ev
ol

ut
io

n

Fo
cu

s

Sales ’03E: $5.6B
CAGR: ~10%

Services

Hospital Productivity 

•• PartnershipPartnership
•• Whole HospitalWhole Hospital
•• Performance  ROIPerformance  ROI

Maintenance 

Ev
ol

ut
io

n

Fo
cu

s

Sales ’03E: $2.7B
CAGR: ~10%

Information 
Technology

PACS 

Clinical IT Systems 

•• Physician WorkflowPhysician Workflow
•• Paperless, Filmless, Paperless, Filmless, 

WirelessWireless

Ev
ol

ut
io

n

Fo
cu

s

Sales ’03E: $2.0B
CAGR: ~30% 

CAGR = 2000 to 2003

Dramatic 
Increase in 
Imaging 
Information

Need for 
Provider Quality 
& Productivity

Emergence of 
Molecular & 
Personalized 
Medicine

Trends
GEMS
Today

E = This forward looking statement relating to the financial performance of GE has not been prepared or verified to the standards 
required by the UK City Code on Takeovers and Mergers, including its requirements for reports by auditors and financial advisers.



The Potential of Molecular Imaging The Potential of Molecular Imaging –– Cancer TherapyCancer Therapy
Standard CT Anatomic Evaluation PET –FDG Metabolic Evaluation

Baseline

24 Hours

7 Days

BaselineBaseline

3 Months3 Months

Tumor
Activity Decrease

Observed
Within Days

Tumor 
Shrinkage
Observed 

After Months

Provides the Basis for Better Patient Outcomes …
And Long-Term Leadership for GE



Tomorrow… Tomorrow… GE Healthcare Technologies … Fast GrowingGE Healthcare Technologies … Fast Growing

Diagnostic
Imaging

Anatomical Imaging 

•• Technology InnovationTechnology Innovation
•• Clinical ProductivityClinical Productivity
•• GlobalizationGlobalization

Molecular Imaging
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Services

Hospital Productivity 

•• PartnershipPartnership
•• Whole HospitalWhole Hospital
•• Performance  ROIPerformance  ROI

Maintenance 
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s
Information 
Technology

PACS 

Clinical IT Systems 

•• Physician WorkflowPhysician Workflow
•• Paperless, Filmless, Paperless, Filmless, 

WirelessWireless
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s

Life Sciences

Drug Development 

Molecular Medicine

•• More Effective Drug More Effective Drug Dev’tDev’t
•• InIn--vivo Diagnosticsvivo Diagnostics
•• Enabling Molecular Med.Enabling Molecular Med.

Ev
ol

ut
io

n

Fo
cu

s

Sales ’03E: $1.1B
CAGR:   ~8%

Diagnostic
Pharma

•• Diagnostic ProductivityDiagnostic Productivity
•• Targeted  Imaging Targeted  Imaging 

AgentsAgentsFo
cu

s

Sales ’03E: $1.6B
CAGR:   ~12%

Complementary Platform
Accelerate Molecular Imaging 

Exciting New Platform 
Tools for Disease Research and 
Drug Discovery / Development

Proteins 

Sales ’03E: $5.6B
CAGR: ~10%

Sales ’03E: $2.7B
CAGR: ~6%

Sales ’03E: $2.0B
CAGR: ~30% 

CAGR = 2000 to 2003; 

E = This forward looking statement relating to the financial performance of GE has not been prepared or verified to the standards 
required by the UK City Code on Takeovers and Mergers, including its requirements for reports by auditors and financial advisers.

Source for Diagnostic Pharma & Life Sciences:  Average Analyst Estimates

$/£= 1.66



The ApproachThe Approach

Biomarkers
Identified from studies of the 
Human Genome & Proteome

The Blueprint 
of the Disease

Diagnosing In-Vivo 
&

Monitoring Therapy 
Effectiveness

Discover The Basis
of Disease

Employ High 
Tech Imaging

Diagnose 
& Treat

Add Targeted Chemistry
Selectively Binds to Protein / 
Gene and Amplifies its Signal

+ Imaging Technology
Using high-sensitivity, high-

resolution imagers

3T MRPET

PET -CT



Heart Disease…#1 Killer
> Unique Cardiac Markers 
> Pre-emptive Diagnosis 

> Breast, Prostate, Lung
> Programmed Cell Death
> Proliferation Markers

> Neuronal Loss
> Cognitive Loss
> Inflammatory Response

> Airway Remodeling
> Immune Cell Response

Cancer…1 in 3 Afflicted

Alzheimer’s

Respiratory…Global Risk

The Molecular Medicine OpportunityThe Molecular Medicine Opportunity

Therapy Evaluation

<2MetastasisIV

<5-10Large, extensive nodeIIIb

10-30Moderate, extensive nodeIIIa

30-40Moderate, local lymph nodeIIb

50Small, local lymph nodeIIa

60Larger, localizedIb

>70Small nodule, localizedIa

Indicative
5yr Survival%

Detection 
Today

Detection 
Tomorrow

Detecting & 
Treating 
Cancer Earlier 
…More Lives 
Saved

Survival Rate Based Upon Early Detection

IVD/Chromosome Diagnostic Image

Therapy Selection Monitoring

• Most common fatal malignancy 
• 85% of patients die of their disease
• US direct medical costs >$5 B

Lung
Cancer…

Promise For Key Clinical Needs
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Nature Drug Discovery – Feb 2003 – Vol 2; 123-130.



Imaging in Drug DiscoveryImaging in Drug Discovery

Nature



Nature Drug Discovery – Vol 2; Feb 2003; 151-154



Problem
/ Question

Tools

Results

•Medical & scientific literature
•Sequences
•Taxonomies
•Experimental observations
•Images
•Clinical data
•etc.

InvestigationInvestigation

Scientific Knowledge



N Engl J Med, Vol. 347, No. 20, 1566-1575 November 14, 2002
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http://www.rand.org/publications/MR/MR954/



Image RepositoriesImage Repositories

Open access to image archives is rareOpen access to image archives is rare
Image archives are not organized for research Image archives are not organized for research 
queriesqueries
Image archives are not linked to other forms of Image archives are not linked to other forms of 
biological databiological data
In general, there is no equivalent of a “specimen In general, there is no equivalent of a “specimen 
repository” for imagesrepository” for images
This is a major problem for imaging researchThis is a major problem for imaging research



=

Silo of DataSilo of Data



The ProblemThe Problem

Most biological knowledge is stored in databasesMost biological knowledge is stored in databases
Creation, expansion, and integration of these Creation, expansion, and integration of these 
databases has become central to the databases has become central to the 
advancement of biology and medicineadvancement of biology and medicine
Many image databases are isolated “silos”Many image databases are isolated “silos”
Medical imaging is unique in that there are few Medical imaging is unique in that there are few 
publicly accessible databases, links to mainstream publicly accessible databases, links to mainstream 
biological knowledge collections are absent, and biological knowledge collections are absent, and 
there are few (software) tools available that allow there are few (software) tools available that allow 
you to use themyou to use them



(protein/nucleic acid) Sequence Data and (protein/nucleic acid) Sequence Data and 
Molecular Biology JournalsMolecular Biology Journals

Prior to publication, peerPrior to publication, peer--reviewed molecular reviewed molecular 
biology journals require that the authors deposit biology journals require that the authors deposit 
their data sets in a publiclytheir data sets in a publicly--accessible archive accessible archive 
and obtain an Accession Number.and obtain an Accession Number.
The Accession Number is included with the The Accession Number is included with the 
publication (both printed and electronic form)publication (both printed and electronic form)
In many cases, the software tools used to In many cases, the software tools used to 
analyze the sequence data are in the public analyze the sequence data are in the public 
domaindomain



Why are imaging databases important?Why are imaging databases important?

Images contain the phenotype Images contain the phenotype 
In other fields (e.g., astronomy, In other fields (e.g., astronomy, geosciencegeoscience, , 
neuroscience, …), the integration of image (and neuroscience, …), the integration of image (and 
other) databases has had a revolutionary effect other) databases has had a revolutionary effect 

Coalescence of the scientific communityCoalescence of the scientific community
Open the field to rapid technological advancementOpen the field to rapid technological advancement
Possible to address questions that could not Possible to address questions that could not 
otherwise be answered (e.g., transotherwise be answered (e.g., trans--species, multiscale, species, multiscale, 
ad hoc group collaboration)ad hoc group collaboration)







Protein sequences are available at

ENTREZ
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Entrez
PubMed



110101

NCBI Entrez: Pathway to DiscoveryEntrezEntrez: Pathway to Discovery: Pathway to Discovery

Amino acid 
sequence similarityCoding region 

features

Nucleotide 
sequence 
similarity

Term frequency 
statistics

Literature 
citations in 
sequence 
databases

Literature 
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sequence 
databases
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abstracts

Nucleotide 
sequences

Protein 
sequences



110101

NCBI Entrez Increases Discovery SpaceEntrezEntrez Increases Discovery SpaceIncreases Discovery Space

Nucleotide 
sequences

Protein 
sequences

Taxon

Phylogeny 3-D 
Structure

MMDB

3 -D 
Structure

PubMed 
abstracts

Complete 
Genomes

PubMed Entrez
Genomes

Publishers Genome 
Centers

ImagesImages

X

X

X

X



Published

Enrolled / Evaluated

Eligible Pts.

Created

Most images are never seen
(and are not available) outside
their originating institution.

Image Pyramid



Current Informatics StatusCurrent Informatics Status

Genomics / ProteomicsGenomics / Proteomics
Public repositories are Public repositories are 
commoncommon
Links to primary data are Links to primary data are 
integrated into publicationsintegrated into publications
Indexing and retrieval are Indexing and retrieval are 
“free”, open and available to “free”, open and available to 
anyoneanyone
There are open source tools to There are open source tools to 
use biological knowledge use biological knowledge 
resources and apply them in resources and apply them in 
investigationsinvestigations

Imaging Imaging 
Few public repositoriesFew public repositories
Few links to primary data in Few links to primary data in 
publicationspublications
Primary data is rarely available, Primary data is rarely available, 
even temporarilyeven temporarily
Few open source tools that Few open source tools that 
operate on images in operate on images in 
conjunction with other forms conjunction with other forms 
of biological of biological 
knowledge/databasesknowledge/databases
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The The BioImageBioImage Database Database 



Images in Biology: static and dynamicImages in Biology: static and dynamic



BioImageBioImage development within ORIELdevelopment within ORIEL

The aims of the BioImage Database Project within ORIEL are:

To provide a searchable database of high-quality scientific images 
of biological specimens, with detailed supporting metadata on

• the biological specimen

• the experimental procedure

• details of image formation and subsequent digital processing

• the people involved

• the metadata curation and provenance

To integrate such multi-dimensional digital image data with other 
life science resources in the ‘factual’ and literature databases, 
accessible from the E-BioSci platform



TheThe
BioImageBioImage

home home 
pagepage

bioimbioimage.orgage.org

Note the Note the 
alternativealternative
browse browse --
search search 

arrangementarrangement



National Biological Information National Biological Information 
Infrastructure (Infrastructure (www.nbii.govwww.nbii.gov))



USGS Center for Biological USGS Center for Biological 
Informatics (Informatics (biology.usgs.gov/cbibiology.usgs.gov/cbi/)/)



FGDC

Federal Geographic 
Data Committee

www.fgdc.gov



Federal Geographic Data Federal Geographic Data 
Committee (FGDC) Committee (FGDC) 

The Federal Geographic Data Committee is a 19 member The Federal Geographic Data Committee is a 19 member 
interagency committee composed of representatives from the interagency committee composed of representatives from the 
Executive Office of the President, CabinetExecutive Office of the President, Cabinet--level and level and 
independent agencies. independent agencies. 
The FGDC is developing the National Spatial Data The FGDC is developing the National Spatial Data 
Infrastructure (NSDI) in cooperation with organizations from Infrastructure (NSDI) in cooperation with organizations from 
State, local and tribal governments, the academic community, State, local and tribal governments, the academic community, 
and the private sector. and the private sector. 
The NSDI encompasses policies, standards, and procedures for The NSDI encompasses policies, standards, and procedures for 
organizations to cooperatively produce and share geographic organizations to cooperatively produce and share geographic 
data.data.



National Spatial Data Infrastructure National Spatial Data Infrastructure 
(NSDI) (NSDI) 

Consistent means to share geographic data among all users Consistent means to share geographic data among all users 
could produce significant savings for data collection and use could produce significant savings for data collection and use 
and enhance decision making.and enhance decision making.
Executive Order 12906Executive Order 12906 calls for the establishment of the calls for the establishment of the 
National Spatial Data Infrastructure  National Spatial Data Infrastructure  
The goal of this Infrastructure is to The goal of this Infrastructure is to 

reduce duplication of effort among agencies,reduce duplication of effort among agencies,
improve quality and reduce costs related to geographic informatiimprove quality and reduce costs related to geographic information, on, 
make geographic data more accessible to the public, make geographic data more accessible to the public, 
increase the benefits of using available dataincrease the benefits of using available data
establish key partnerships with states, counties, cities, tribalestablish key partnerships with states, counties, cities, tribal nations, nations, 
academia and the private sector to increase data availability. academia and the private sector to increase data availability. 
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The National Digital The National Digital 
Information Infrastructure and Information Infrastructure and 
Preservation Program (NDIIPP)Preservation Program (NDIIPP)
Challenges and SolutionsChallenges and Solutions

Laura E. CampbellLaura E. Campbell
Associate Librarian for Strategic InitiativesAssociate Librarian for Strategic Initiatives
Library of CongressLibrary of Congress



MARCH 2003NDIIPP

NDIIPP Goal

• To develop a nationwide collection and 
preservation strategy for digital materials 
in cooperation with the information and 
technology industry, concerned federal 
agencies, libraries, research institutions 
and not-for-profit entities.



MARCH 2003NDIIPP

Universal 
Library

Universal Universal 
LibraryLibrary

Scenario Planning: What’s Plausible?

What is
Saved?

Who saves? Everyone

Most
Important

Everything

Congress of 
Libraries

TriageTriageTriage

Library of Congress
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Preservation Architecture

• 4 Layers Between 
People and Bits

Collections

Interfaces

Gateways

Repositories
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NDIPP   http://www.digitalpreservation.gov



ChallengesChallenges

Preservation of digital collections (long 
term)
Need ability to reproduce published 
results from archived data
Transparency; ease of use; quality of 
service; validity; reproducibility
Information infrastructure that includes 
images and integrates them with 
everything else



ConclusionConclusion
Imaging is important today and will continue to grow.

Images define phenotypes (normal and abnormal)

Need informatics support for imaging to achieve personalized 
pharmaceuticals

Must eliminate sequestration of imaging data

Major opportunities – molecular imaging, tool and infrastructure 
development, increased specificity, open databases – to improve the 
value of imaging in research and clinical practice
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