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Using gene expression integration
to understand disease



Applying genome biology

• Apprehend biological data
• Place it into association and context
• Define the relationships between objects in 

the form of networks
• Seek to understand relationships and 

perturbations of the networks
• Gain understanding of biology as a system



Integration Approaches

MonolithMonolith

Standards
Ontologies
Standards
Ontologies

Federation



Using Ontologies: Definition
A (potentially incomplete) set of terms

Which cover some area of interest (“domain”). 

Each term is defined

Each has a specified relationship with its parent and child terms

• All include
– Vocabulary of terms
– Definition of the meaning of each term



Essential aspects of an 
ontology

• Domains

• Concepts

• Relations

• Instances

• Axioms

Mammal

type-of

Dog

type-of

Cartoon dog

instance-of

Snoopy

Axioms:  A dog is a fissiped  mammal with nonretractile claws and typically 
long muzzle



An ontology for expression

• Gene expression data only have 
meaning in the context of a detailed 
description of the sample. 

– Tissue, age, sex, disease, time of day, nutritional 
status…

• Free text dump



Libraries that match to a Unigene entry

well-differentiated endometrial adenocarcinoma, 7 pooled tumors ;spleen ;epithelioid carcinoma ;breast ;moderately-differentiated adenocarcinoma 
;hypernephroma ;glioblastoma with EGFR amplification ;anaplastic oligodendroglioma with 1p/19q loss ;Lens ;lung_normal ;prostate_normal 
;sciatic nerve ;dorsal root ganglia ;Iris ;adrenal cortex carcinoma, cell line ;prostate_tumor ;colon_est ;colon_ins ;hypothalamus ;leiomyosarcoma 
;nervous_normal ; melanocyte ;hypernephroma, cell line ;adenocarcinoma, cell line ;nervous_tumor ;moderately-differentiated endometrial 
adenocarcinoma, 3 pooled tumors ; placenta_normal ;mammary adenocarcinoma, cell line ;placenta ;thymus, pooled ;normal epithelium 
;adenocarcinoma ;Pooled human melanocyte, fetal heart, and pregnant uterus ;Burkitt lymphoma ;colon ;colon tumor, RER+ ;B cells from Burkitt 
lymphoma ;large cell carcinoma ;Fetal brain ;T cells from T cell leukemia ;lymphocyte ;multiple sclerosis lesions ;skin ;normal pigmented retinal 
epithelium ;melanotic melanoma, high MDR (cell line) ; melanotic melanoma, cell line ;leukopheresis ;rhabdomyosarcoma ;amelanotic melanoma, 
cell line ;neuroblastoma cells ;lung_tumor ;abdominal aortic adventitia from an aneurysm specimen ;pooled brain, lung, testis ;hippocampus 
;epithelioid carcinoma cell line ;leiomios ;osteosarcoma, cell line ;kidney_tumor ;cervical carcinoma cell line ;leukocyte ;medulla ;pooled lung and 
spleen ;duodenal adenocarcinoma, cell line ;lens ;human retina ;pooled pancreas and spleen ;fetal eyes ;insulinoma ;fetal eyes, lens, eye anterior 
segment, optic nerve, retina, Retina Foveal and Macular, RPE and Choroid ;cartilage ;pooled colon, kidney, stomach ;fetal eye ;cervix 
;endometrium, adenocarcinoma cell line ;optic nerve ;RPE and Choroid ;Ascites ;Stomach ;Lung Focal Fibrosis ;heart ;Chondrosarcoma ;senescent 
fibroblast ;squamous cell carcinoma ;Primary Lung Cystic Fibrosis Epithelial Cells ;hepatocellular carcinoma, cell line ;Placenta ;epidermoid 
carcinoma, cell line ;Chondrosarcoma Grade II ;breast_normal ;Osteoarthritic Cartilage ; Fibrosarcoma ;neuroblastoma, cell line ;testis 
;Chondrosarcoma Cell line ;Retina ;glioblastoma without EGFR amplification ;ductal carcinoma,  cell line ;retina ;carcinoma, cell line 
;teratocarcinoma, cell line ;embryonal carcinoma, cell line ;Cell lines ;bone marrow stroma ;neuroblastoma ; lymph ;lymphoma, follicular mixed 
small and large cell ;head_neck ;small cell carcinoma ;2 pooled tumors (clear cell type) ;moderately differentiated  adenocarcinoma ;2 pooled high-
grade transitional cell tumors ;five pooled sarcomas, including myxoid liposarcoma, solitary fibrous tumor, malignant fibrous histiocytoma, 
gastrointestinal stromal tumor, and mesothelioma ;adenocarcinoma cell line ;pnet ;Islets of Langerhans ;serous papillary carcinoma, high grade, 2 
pooled tumors ;Liver and Spleen ;retinoblastoma ;renal cell adenocarcinoma ;pooled ;Lung ;ovary (pool of 3) ;anaplastic  oligodendroglioma 
;whole brain ;renal cell tumor ;lung ;poorly differentiated adenocarcinoma with signet ring cell features ;melanotic melanoma ; choriocarcinoma 
;brain ;glioblastoma (pooled) ;Metastatic Chondrosarcoma ;Subchondral Bone ;B-cell, chronic lymphotic leukemia ;pooled germ cell tumors 
;uterus ;prostate ;Human Lung Epithelial cells ;germinal center B cell ;Cell Line ;Alveolar Macrophage ;Primary Lung Epithelial Cells ; Aveolar 
Macrophage ;kidney ;poorly-differentiated endometrial adenocarcinoma, 2 pooled tumors ;colonic mucosa from 3 patients with Crohn's disease 
;colon tumor RER+ ;two pooled squamous cell carcinomas ;aorta ;ovarian tumor ;normal prostate ;normal prostatic epithelial cells ;tumor ;colon 
tumor ; dorsal root ganglion ;metastatic prostate bone lesion 



eVOC – Expression 
VOCabulary

• A hierarchical controlled vocabulary

• Describes the sample source of cDNA and 
SAGE libraries, MPSS, Ditag, CAGE and 
target cDNAs for microarray experiments

Aim
– Link public expression data to get a broad, rich view of 

the transcriptome
• EST 
• SAGE, CAGE
• Microarray



eVOC Domains

• Human and mouse
• A growing number of orthogonal ontologies 

– Anatomical system eg: digestive system, stomach
– Cell type eg: granulocyte, T-cell
– Developmental stage eg: embryo, adult
– Pathology eg: leukemia, normal
– Pooling eg: pooled donor, pooled tissue
– Treatment
– Array platform

• Appropriately detailed set of terms
– data-driven approach to determining the level of 

granularity required





Untangled ontologies

• eVOC is an untangled ontology
– Pure hierarchical tree structure

– Easy to construct

• Easy to visualise

• Easy to query



Querying
• Query returns:

– The node with which that term 
is associated

– Nodes in the entire subtree 
rooted at that node. 

– By following the mappings 
from the ontology nodes to 
public databases (eg: cDNA 
libraries) a query is translated 
to a set of cDNA libraries

Which have associated ESTs

Which can be linked to genes

Which have GO-annotated functions

Which are mapped to pathways

liver
neoplasia

Anatomical 
System

Pathology

Query: “liver 
AND neoplasia”

Total cDNA 
library collect

Result: Intersection of libraries mapped to 
“liver” and to “neoplasia”





Prioritising disease gene candidates

Within a region identified by classical genetic 
techniques:

Examine the expression of genes in the region as 
a pointer to potential candidates.

Tested on the region implicated in Retinitis pigmentosa 
before the identification of the causative gene….

Total known genes 21 787

Genes between 8q11.23 and 
8q12.1

38

Genes with expression in retina (RP1) 7



Cross-platform mining and validation

Qualitative (y/n) expression measure

Anatomical
System

Cell Type

Development
Stage

Pathology

Associated
With

Treatment

Pooling

Microarray
Platform

cDNA libraries

GEO
microarray
samples

ESTs

Affymetrix
probes

UniGene
clusters

RefSeq
cDNA

sequences

H-Inv cDNA
sequences

H-Inv
clusters

Genes

Ontologies Manually
curated data Automatically curated data



Evolving Expression Integration

eVOC
Ontologies

Transcript forms
Genes

Sequence OntologyESTs
cDNAs
SAGE
CAGE
MPSS

OLIGOs>Array
cDNA>Array

Consensus
Expression

Anatomical Term Gene List
Pathology More types
Development
Cell Type



eVOC domains
• Human, Mouse, Rat and model organisms
• Mouse human sequence ontology
• Fantom3
• Hinv and Hinv disease edition
• ENSEMBL/ENSmart
• Alternate Splice Databse (EBI)
• Ludwig Institute for Cancer Research
• UniProt (SwissProt)
• Pathogens



Give me all genes that…
• Are common to mouse and human AND
• Expressed in (ONLY IN) heart during the first heart beat

AND
• Are also found in neoplasia OR
• Are elevated in expression during stress AND
• Have an alternate exon expressed more often in 

neoplasia AND
• Are co-localised on the genome OR
• Are found associated in the text with heart disease AND
• Are protein kinases or involved in signal transduction 

AND
• Have orthologs in worm and also fly



Monthly release of eVOC 
mappings

RefSeq cDNA sequences: 
UniGene Build # 175 - Sep 30, 

2004

H-Inv cDNA sequences: 
H-InvDB (Version_1.7) - Jul 1, 

2004

UniGene clusters: 
UniGene Build # 175 - Sep 30, 

2004

H-Inv clusters: 
H-InvDB (Version_1.7) - Jul 1, 

2004

Genes: 
LocusLink - Oct 3, 2004

Latest data release: eVoke data v2.3

Ontologies: 
Electric Genetics - Oct 3, 2004

cDNA libraries: 
GenBank release 143 - Aug 15, 2004 
GenBank daily updates - Oct 2, 2004

GEO microarray samples: 
Gene Expression Omnibus - Nov 20, 

2003

EST sequences: 
GenBank release 143 - Aug 15, 2004 
GenBank daily updates - Oct 2, 2004

Affymetrix probes 
Gene Expression Omnibus - Nov 20, 

2003 Kelso J, Visagie J, Theiler G, Christoffels A, Bardien S, Smedley D
, Otgaar D, Greyling G, Jongeneel CV, McCarthy MI, Hide T, Hide W.
eVOC: A Controlled Vocabulary for Unifying Gene Expression Data. Genome Research. 2003 Jun;13(6):1222-30 





Sampling and Data

• ARRAY : False negative: 
– under represent gene expression

• EST libraries: True positives
– Very broad representation of expression 

experiments
– Absolute measure

• TEXT: False positives
– Lots of results, which has true meaning?



Variation of gene expression for 813 genes in 35 individuals
Cheung et al Feb 2003, Nature Genetics

Scatter plot of variance in expression level between individuals and
between replicates for 813 genes. The genes with the highest variance ratio (top
5%) are highlighted in red. The dotted line indicates a variance ratio of 1.0.

Varied by a factor of 2.4 or greater
With highest by a factor of 17
No account for oligo location on gene 
or isoform exon cassette



CT-Antigens

– Show testis upregulation signature
– Large number of isoforms and recent family 

members
– Half are X-Linked



GNF





Tissue distribution 
considered



Information density map of eVOC 
ontology anatomy term node 
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Can we use an evidence based 
approach to expression 
characterisation?

• Genome Annotation 
requires several types of 
evidence to support a 
‘solved’ gene model

• Exon boundaries require 
support from transcript, 
protein, prediction, 
cross-species 
comparison



One of many examples of CT-
Antigens that show 
inconsistency between
expression distribution between
SAGE, Chip, PCR-RT and EST
library

SYCP-1



eVOC: 7/24
IL-13r alpha



FANTOM consortium

• Large scale data generation mouse and human transcriptome 
project 

• Network analysis
– promotor and alternate transcription start site
– polyadenylation, and exon isoform cassette usage

• Transcriptional regulation at fine resolution and the resulting 
promotor association

• Cap Analysis of Gene Expression (CAGE) 
• Developmental libraries of the mouse,
• Insight into cancer biology.



Mouse eVOC objectives
• develop comparable mouse (and human) developmental 

anatomical ontologies
• populate with gene expression data
• cross-species gene expression query to allow 

comparison:
- human adult and mouse adult
- mouse developmental stages
- human developmental stages
- mouse and human developmental stages





Mouse/Human Integration via 
eVOC

MGI

IMAGE

NIA

RIKEN

MGC

RIKEN

flcDNA

CAGE

GIS

eVOC

Human/Mouse

Stage/Tissue

MGI mappings: 1600000

MGI libraries: 600

RIKEN libraries: 700



Binning expression  
• All  human data all expression grouped

– into embryonic (Theiler stages 1-4)
– fetal (Theiler stages 5 to 26)
– adult (newborn onwards)
– merge all stem- and germ cell expression into a fourth class



Alternative Splicing

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

BRDT

BRDT-NY

Adult

Fetal testis



Alternative Splicing of BRDT



Splice Graph Queries

• Dependencies on expression state?
• Splice rate and events compared:

– Rapidly changing tissues (gut, 1-year old 
brain)

– Development
– Cancer

• Different domains / epitopes?



Ontologies provide an underlying tool 
that can be broadly applied in disparate 

systems

• Cross platform and cross ontology mapping yields 
rapid results

• Approach requires data driven mapping for each 
instance

• Broader adoption of standardised ontologies will 
promote disparate data integration
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