Integration of Genomic,
Biomedical and Clinical
Databases:

First Steps Towards Genomic
Medicine

Atul Butte, MD, PhD
abutte@stanford.edu

Department of Medicine (Medical Informatics) and
Pediatrics

Stanford University School of Medicine

‘ @ ‘ at Stanford Medical Informatics



Agenda

Integrative biology

Using ontologies to automatically ascertain the context of
genome-scale experiments

Develop methods in integrative biology and apply these
to complex disorders

Building and studying the genomic nosology for medicine

Conclusions







Building a genome-phenome
network

Johannsen (1908). Phenotype = genes + environment
— Useful to relate environment to phenotype: smoking  lung cancer
— Adding genes difficult: OGG1, APE1 + smoking lung cancer

Instead of doing this one at a time, why not relate all genes
to all aspects of the environment to all phenotypes

We might find novel roles for genes, targets, biomarkers

The data are there: Gene Expression Omnibus is largest
repository for microarrays: 67,000+ samples, 2900+
experiments, 3x yearly

Genomic data has accepted standards, context does not
Can we leverage this data using existing ontologies?

Goal: automated assessment of context to enable
Integration across experiments




Unified Medical Language System

How to model and compare experimental context, phenotypes?
Label using the Unified Medical Language System

Largest unification of 130+ biomedical vocabularies
— 1M+ concepts, 20M+ relations

Scalable

— Human and model organisms C - — —

— Molecular, physiological,
pathological, epidemiology,

ecology
Already has Gene Ontology, c | _ —{P
NCBI taxonomy, OMIM, ICD-9,
SNOMED-CT, MeSH T = .

UMLS enables integration

— Joining with hospital databases of
patients or samples
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Mapping successful

Created software called GENOTEXT to map
annotative fields from GEO samples, series
and data sets to UMLS concepts

286K mappings to 4.1K UMLS concepts
~ound concepts for every GEO sample

_ongest and shortest descriptions were
noorly mapped

Fixed errors

— “RG microarray” retinal ganglion, Radical gastrectomy
— “...GenePix software... Axon Instruments...”  Axon

Aronson, AR. Proc AMIA Symp, 17-21 (2001).




Top concepts assigned to GEO

Concept

Concept Name

Count

C0007634

Cells

3275

C0035668

RNA

2591

C0042153

utilization

2383

C0025914

House mice

1738

C0025929

Laboratory mice

1738

C0441621

Sampling - Surgical action

1657

C0870078

Sampling

1657

C0332307

With type

1559

C0439810

Total

1403

C0445392

Wild

1388

C0037585

Computer software

1307
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Extracting GEO
gene lists

GEO has 1.3 billion
measurements across
thousands of platforms

Decoding measured gene
IS a challenge

— Varied use of identifiers
We have a list of 100

million mappings to NCBI
Gene identifiers

We have mapped more
than half of GEO
measurements to NCBI
identifiers

Currently, even NCBI does
not have this

Gene
ldentifier

Gene ldentimer
\ocaht llnry

Translate

Al262683

GenBank

Hs.2

NM_000015

GenBank

Hs.2

Hs.2

UniGene

NP_000006

Protein

P11245

Protein

D90042_at

Affymetrix hu6000_merged

Hs.2 D90042

38912 at

Affymetrix u95_a

Hs.2 D90042

206797 _at

Affymetrix ul33_a

Hs.Z2 NM_0OO001
5

D90042_at

Affymetrix hu6000_merged

D90042

NAT?2

NCBI Gene official symbols

AAC?2

NCBI Gene all symbols

IMAGE: 15709
37

IMAGE clone

Al262683

UI-H-FG1-bgl-
g-02-0-Ul

University of lowa clone

BU624903

IMAGP998I1184
581

Institute of Molecular
Biology and Genetics
Ukraine clone

BX095770

10286060

GenBank Gl

AV684197

Human N-acetyltransferase 2
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Muscle Human

Mouse

Pdlim3
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Aging Injury

Aging Injury

It is traditionally hard to find relations between genes and the
environment

Can now represent the context of a genomic experiment as a
vector of biomedical concepts from an ontology

Can search for relevant data sets using these annotations
Parsing is ok, annotations need to improve, through ontologies

genotext.stanford.edu  Butte AJ, Kohane IS. Nature Biotechnology 2006,
2455,



Summary for genome-phenome

Success in relating genomic annotations to ontology, using
automated tools, across thousands of arrays

Some known and novel genes associated with environment
(injury), phenotype (aging), and more

UMLS is sufficient (barely) but still needs crucial elements

For this, not looking at actual experimental design
UMLS-based annotations offer many advantages
Taking advantage of UMLS relations is still early
Experimental annotations need to be written better

Text-mining works, but ideal solution is investigator- or curator-
generated labels

Butte AJ, Kohane |S. Nature Biotechnology 2006, 24:55.




Take Home Points

 We have structured methods for integrative
biology to search for complex disease-
associated genes and potential diagnostics.

Can represent phenotype, experimental
context of genome-scale experiments using
ontologies, and relate context to gene
expression.

The patients and samples are there. The
data are there. It is time to build tools to
automate integration, but we cannot ignore
the biology.




Many physicians do not know
how to use the genome
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