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People – tissues - cells

 Basic unit of function: cell

 10 000 000 000 000 (1013)

 genetic material in nucleus: 23 chromosome pairs

 Very long molecules that encode information



Genetic material



Genetic material



Genetic material



Genetic material



Genetic material





Discoveries



Discoveries



Discoveries



The Human Genome

 “First draft” of the human genome 

 International, collabroative research project

 90 percent of 3 billion base pairs sequenced

• Initial draft: June 2000 

• Final draft: April 2003

• 13 year project

• $300 million value



The Human Genome

 “Human Genome Sequence” of just a few people

 We are all genetically different

 From other species

 From our ancestors

 Between population groups

 From the person sitting next to you
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Sequence similarity with other species

Homo Sapiens
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Genomes
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The Human Genome

 “Human Genome Sequence” of just a few people

 We are all genetically different

 From other species

 From our ancestors

 Between population groups

 From the person sitting next to you
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 Sequence variation



Variation in the Human Genome

 Sequence variation

 nucleotide diversity between two people: about 0.1% (1/1000)

 human genome: about 3 billion nucleotides 

 two random people:  +/- 3 million nucleotide differences
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 Sequence variation



Variation in the Human Genome

 Sequence variation

 Copy number variation

 human to human genetic variation is estimated 

to be at least 0.5% (99.5% similarity)



Variation in the Human Genome

 Sequence variation

 Copy number variation



Human Genome Copy Number Variation

Perry et al.



Variation in the Human Genome

 Because of the higher resolution of the new systems, 

we will uncover larger numbers of smaller variants 

Wellcome Trust Sanger Institute



Variation in the Human Genome

 Venter vs. Watson

Xie et al.
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Clinical Cytogenetics

New technology: genomic DNA microarrays (“Array CGH”)

Classical technique: band stain karyotyping



DNA microarray experiments



DNA microarray experiments

 Microarray slides



Cytogenetics Diagnosis

Patient with 
developmental anomaly

Detected genetic anomaly

• 2-3% of live births with major congenital anomaly
• Medical & social impact of diagnosis

• Reduce family distress – end of “diagnostic 
odyssey”
• Estimate risk of recurrence for next pregnancy
• Prevent clinical complications – life planning

• Array CGH is superior to previous technology
• ++ resolution, + speed, +/- cost
• Rapid adoption by cytogenetics labs

• ! Need for tools to manage efficiently the flood of 
genetic information in a routine clinical setting
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 Human genome project
 Initial draft: June 2000

 Final draft: April 2003

 13 year project

 $300 million value 
with 2002 technology

 Personal genome
 June 1, 2007

 Genome of James Watson, co-
discoverer of DNA double helix, 
is sequenced
 $1.000.000

 Two months

 €50.000-genome
 Available (CG: 5000 €)

 €1000-genome
 Expected

1,00E-07

1,00E-06

1,00E-05

1,00E-04

1,00E-03

1,00E-02

1,00E-01

1,00E+00

1,00E+01

1,00E+02

1,00E+03

1,00E+04

1,00E+05

1,00E+06

1,00E+07

1,00E+08

1,00E+09

1,00E+10

1,00E+11

1990 1995 2000 2002 2005 2007 2010 2015

Cost per base pair

Genome cost

Year Cost per base pair Genome cost

1990 10 3E+10

1995 1 3.000.000.000

2000 0.2 600.000.000

2002 0.09 270.000.000

2005 0.03 90.000.000

2007 0.000333333 1.000.000

2010 3.33333E-06 10000

2015 0.0000001 300

The 1000 $ Genome



Interpretability of Genomic Data

# Genetic data

Complexity

Price pbp

Interpretability

Analysis bottleneck



DNA Microarray Experiments Patient Database

Biomed Literature

Patient PhenotypePatient Genotype
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Chapter 2 – Array CGH data 

management and analysis



 Raw data analysis : quality criteria and pitfalls
 Data normalization

 Spot and aberration calling (segmentation)

 Threshold definition

 Alternative array design (loop analysis)
 Joke Allemeersch credited for statistical models 

 LOOP tool: web architecture for data management

 Benign copy number variation analysis (clone wars)

 Importance of data management
 Data repositories that feature analysis tools

 Examples: ArrayCGHBase, Decipher, Store+Bench, Database of 
Genomic Variants, ECARUCA, …
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LOOP and Clone Wars

 Database for storing experiments

 Slide Annotation

 Visualisation

 Normalisation

 Statistical method for analysis (LIMMA)
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 aBandApart

 aGeneApart

 Fusing multiple data sources
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Rationale

 Brewer et al.:







 Public literature is evolving into
a large phenotypic database

 Case reports

 Clinical research results

 Medline: 

 4,800+ journals 

 16 000 000+ abstracts

 1 185 000+ case reports

 500 000+ new each year

Rationale



Rationale



Genomic Regions and Phenotypes





Selecting Text Features



Selecting Text Features

Source: EBI Rebholz group



Selecting Text Features

included beak nose, microcephaly, and

and the nose was beaked. Further phen

showed small head circumference. In o 

were microcephalic. To delineate a co

displaying microcephaly. In an earlie
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Entrez Gene
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Gene ID
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Gene to Concept associations
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Microcephaly

overrepresented 

in document set 

for WHSC1 gene

Gene to Concept associations

ENSG00000000001

ENSG00000000002 

... 

ENSG00000109685 

... 

ENSG00000024999

ENSG00000025000



Gene = WHSC1
Concept = microcephaly

A (total abstracts) = 800.000
B (gene abstracts) = 30
C (concept abstracts) = 4000
Obc (gene & concept) = 10

pbc (p-value) = 1,57 x 10-6

Gene to Concept associations

ENSG00000000001

ENSG00000000002 

... 

ENSG00000109685 

... 

ENSG00000024999

ENSG00000025000



Gene to Concept associations
WHSC2



choose your 
current interest

http://www.esat.kuleuven.be/abandapart/



start from a 
certain cytoband

http://www.esat.kuleuven.be/abandapart/



search for, or start from 
a certain concept

http://www.esat.kuleuven.be/abandapart/







aBandApart

Linking genotypes and phenotypes

 The result is like OMIM, but 

 automated i.o. manual 

 a lot of vocabularies

 Vocabularies provide different views

 10 vocabularies are available



Validation





./genes.sh LDDB170504

Looking for genes associated to LDDB170504...

129     1.464757e-129   ENSG00000049540 + ELN elastin (supravalvular aortic...

12      3.120289e-12    ENSG00000071462 + WBSCR22 Williams Beuren syndrome ...

12      1.810960e-12    ENSG00000077809 + GTF2I general transcription factor II, i

11      6.238573e-11    ENSG00000106638 + TBL2 transducin (beta)-like 2

11      4.967726e-11    ENSG00000006704 + GTF2IRD1 GTF2I repeat domain containing 1

10      9.880883e-10    ENSG00000168542 + COL3A1 collagen, type III, alpha 1 ...

09      5.514204e-09    ENSG00000009950 + MLXIPL MLX interacting protein-like

08      2.764015e-08    ENSG00000077800 + FKBP6 FK506 binding protein 6, 36kDa

08      1.398369e-08    ENSG00000107438 - PDLIM1 PDZ and LIM domain 1 (elfin)

07      4.414078e-07    ENSG00000165119 - HNRPK heterogeneous nuclear ...

Gene-LDDB maps

Supravalvular Aortic Stenosis



./genes.sh LDDB120401

Looking for genes associated to LDDB120401...

19      1.926391e-19    ENSG00000184058 + TBX1 T-box 1

18      4.051166e-18    ENSG00000102271 + KLHL4 kelch-like 4 (Drosophila)

15      9.455555e-15    ENSG00000119042 + SATB2 SATB family member 2

15      3.299856e-15    ENSG00000101871 + MID1 midline 1 (Opitz/BBB syndrome)

14      1.279493e-14    ENSG00000069399 - BCL3 B-cell CLL/lymphoma 3

13      1.520270e-13    ENSG00000204248 + COL11A2 collagen, type XI, alpha 2

12      1.585302e-12    ENSG00000099889 + ARVCF armadillo repeat gene in VCF

10      5.880943e-10    ENSG00000060718 + COL11A1 collagen, type XI, alpha 1

10      2.295810e-10    ENSG00000172893 + DHCR7 7-dehydrocholesterol reductase

10      1.824248e-10    ENSG00000163513 + TGFBR2 transforming growth factor, ...

Gene-LDDB maps

Cleft Palate



Conclusion

Extract Genotype – Phenotype links

• Using biomedical literature as a 
phenotype database,

• using available ontologies as 
sources of biomedical concepts 
within different views
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What is Endeavour?

 Prioritisation of any list of candidate genes

 To identify disease genes
 To identify members of biological pathways
 To identify functionally similar genes
 ...



What is Endeavour?



What is Endeavour?

 Compares summaries of 
information of test genes
with that of training genes

 Uses different information sources



What is Endeavour?

Pathology   /   …

Gene 

expression
Literature

Anatomical

expression

Gene

regulation

Protein

domains

Biological

process

Evolutionary

conservation
…



Application Screenshot



Validation Setup



Validation Results

Sensitivity - the proportion of true positives or the proportion of cases correctly identified by the test as meeting a certain condition 

(e.g. in mammography testing, the proportion of patients with cancer who test positive). 

Specificity - the proportion of true negatives or the proportion of cases correctly identified by the test as not meeting a certain condition 

(e.g. in mammography testing, the proportion of patients without cancer who test negative). 



Validation Results
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Microcephaly

overrepresented 

in document set 

for WHSC1 gene

Gene to Concept associations

ENSG00000000001

ENSG00000000002 

... 

ENSG00000109685 

... 

ENSG00000024999

ENSG00000025000



















Rank by score

...29.62 119.64 121.02 Sum of log scores

...

...

...

...

...

...

...

............

8.10 

-

-

0.98 

-

eIF-3 

2.61 1.45 Mouth

-29.41 Tonic/clonic seizures

16.01 28,54Lissencephaly/pachygyria 

41.95 1.38 Fingers, general abnormalities 

-12.58 CRANIUM, general abnormalities 

HIC1 PAFAH1B1 Phenotype

Lissencephaly / pachygyria: LNDB 32.32.09
PAFAH1B1 (LIS1): ENSG00000007168 
p-value 2.8951 x 10-29

- log(p): 28,54

Σ



Example



Example

 69 genes in deletion, 58 with HUGO name



Example

 4 genes marked as potentially related to phenotype



Example

 Colonic polyps confirmed in patient



Example

 Colonic polyps confirmed in patient
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Chapter 4 – Intelligent databases for 

constitutional cytogenetics

 „Downstream analysis‟

 DECIPHER

 Consortium for aggregation of rare cases

 Text based gene prioritisation

 Store+Bench

 Feature rich platform for downstream analysis





Challenge

Manage all Array-CGH related information, from
raw data over called aberrations to patient record.

Support routine clinical diagnostics workflow
(2000 ppa) from array scan to final report, as well
as ongoing biomedical research projects.

A web based application to store, manage, search,
mine, analyze, report and visualize Array CGH-
related data.
A joint effort of the Bio-informatics group and the
Constitutional Cytogenetics group at the Center
for Human Genetics of the University Hospital.







Challenge

Describe patient phenotypes in a consistent way,
ensuring easy case report retrieval (search).

Enable data mining for detection of similar
patients, and clusters of patients with similar
phenotypes as putative novel syndromes.

Use standard phenotype definitions (ontologies)

• Barraitser & Winter LNDB (human dysmorphy)
• AEPC codes (heart specific phenotypes)
• POSSUM codes (malformations & syndromes)

Extensible: allow any vocabulary to be plugged in
(UMLS, ICD10, …)





Challenge

Slice and dice, report and visualize my cytogenetic
case report database.
See patients in context (i.e. my own database, or
genome browsers such as ENSEMBL).
Find candidate genes that are causal for the
phenotype of my patient.

Similar patient detection by genotype and
phenotype information

Gene-to-phenotype correlation based on analysis
of biomedical literature (PUBMED)
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Chapter 5 – genome 

annotation



Regulatory elements

 Transcription regulation: gene activity switches



cis-regulatory elements

 Vast amount of discovered regulatory data 

remains locked in biomedical literature 

 Ad hoc efforts: small teams curate organism- or 

process-specific datasets from the primary literature 

for short-term research purposes



cis-regulatory elements

 ORegAnno and PAZAR

 Manually curated database of regulatory elements

 community annotation of regulatory data

 Population of curation pipeline by text-mining queue

 text-mining to retrieve and extract relevant documents



Vector Space Model
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bind

element

factor

negativ

positiv

regulat

site

transcrib

abstract / patient n

“D
o
m

a
in

 V
o
c
a
b
u
la

ry
”

<0,   0,   0.8,   0,   0.5,   0.9,   0.7,   …,   0>



Vector Space Model: Similarity

Ranking and scoring documents

bind

transcrib

regulat



Cis-regulatory elements

 ORegAnno and PAZAR

 Manually curated database of regulatory elements

 community annotation of regulatory data

 Population of curation pipeline by text-mining queue

 text-mining to retrieve and extract relevant documents
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Chapter 6 – data fusion on biomedical text and 

gene expression arrays

 Background

Smith et al - Noggin: important factor 
in brain and nerve development
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What is TXTGate?

TXTGate: 

Gene Cluster Analysis and Profiling Tool



Functional Overview



Vector Space Model

Indexing process
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Creating an index: details

Creating an index involves:

 Stemming 

- treat “methylate”, “methylated”, “methylation” as one
 Remove stop words

- “the”, “for”, “is” are not significant
 Construct phrases

- “nucleic” and “acid” should be read as “nucleic_acid”
 Detect synonyms

- “p53”, “tp53” should be treated as being identical
 Choose Weighting Scheme



Similarity

Ranking, scoring and clustering of patients or documents



Profiling and Clustering
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31.
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gene expression arrays

 Application: expression arrays

 Co-expressed genes: cluster validation

 TXTGate overview

 Validation

 Application: text data as Bayesian network prior

 Context

 results
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Structure improves with text prior

 Credit for Bayesian models: Olivier Gevaert

 Improve prognosis prediction in oncology

 Build predictive network based on expression data

 Use text vectors for gene distances as structure prior

 Bayesian networks: results

 Model building benefits from text data as structure prior

 Prediction with new data: validation on 3 sets

 Breast, lung and ovarian cancer
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Chapter 7 – Conclusions and perspectives

 Accomplishments
 Increase Array CGH data interpretability by putting it in context

 Data representation

 Algorithms and statistics

 Information (literature, other patients, public data sources, …)

 Built a framework for data integration and mining
 Biomedical text

 Microarray assay data

 Structured phenotype annotations

 Built and extended platforms for 
 patient data aggregation and management

 tools for clinical and functional interpretation

 Challenges
 Future proof platforms - the data avalanche: next generation sequencing

 Global initiatives to chart genome variation (CHERISH, national consortia, …)

 Prepare for a clinical (r)evolution
 Data collection and distribution will spread (from referrer to patient, eHealth)

 Merger of different disciplines (SNP genotyping, expression, copy number variation, 
epigenetic assays, single gene polymorphisms, population studies… and environment)

 Applications in oncology

 Personalized medicine (early screening, targeted treatment)
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