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Introduction 
Motivation 



Biological variation first explained by genetics 

Mendel got lucky.. 
single-locus traits 



Motivation: Understanding complex variation 



How? Understanding geno-to-pheno 

eQTL 

pQTL 

mQTL 

phQTL 

genotype 



Introduction 
Dealing with variation in research needs 



Situation: Many types and flavours of data 

Genomic features, 
individuals, ontologies .. 

Metadata for phenotypes, 
datasets, samples, panels …  

Genotypes, 
conditions … 

Biomolecular measurements, 
association results ... 



What needs to be done? 

‘Team’ data 

Direct 
interpretation 

 Rich interpretations, 
geno-to-pheno 

A little extra effort 

‘My’ data 

Project that 
generates data 



Challenge: Building a ‘team’ database 

? ? 
? 



Introduction 
Design-time vs runtime configuration 



Autogenerate the software 

NextGenSeq 

Mutation database 

Model organisms 

Model in DSL Use generated software 

Animal Observatory 

Generator 
 

http://www.molgenis.org 
Swertz & Jansen (2007) Nature Reviews Genetics 8, 235-243 
Swertz et al (2004) Bioinformatics 20(13), 2075-83 

What models to
 use? 

 
Can we have a model that rules them all? 



HL7 
excerpt 

ISA-TAB 
Investigation, study, sample 

LS-DAM 
excerpt 

CDISC BRIDG 
excerpt 

SAMPLE-TAB 
Biobank sample tracking 

MAGE-TAB 
Microarray provenance 

Examples of models.. How to choose? 

FuGE 
excerpt 

Stable 
‘design-time’ 

Exhaustive 

GSCF 
Studies, flexible properties 

i2b2 
Observations on patients 
during doctor visit 

Chado NDM 
Boilerplate for biological 
experiments and protocols 

Dynamic 
‘runtime’ 



What are we dealing with? 

Annotations of concepts 
used in data sets, 
mostly static content 

Experimental data sets, 
usually flexible and 
volatile content 

Apparently we need something stable AND dynamic 
..without becoming exhaustive 

Stable? 

Dynamic? 



Example: eQTL data 

Marker (annotation) Probe (annotation) 

eQTL profiles (data set) 

Stable? 

Dynamic? 

Stable? 



Stable = good for code generation 

Annotations: Column-oriented data 

1. model 

2. generate 

3. import 

Attributes 



Challenge: Modeling ‘dynamic’ data sets 

Can we use ‘entity-attribute-value’ modeling? 

1. model 

…? 

Not stable columns! 
Different per data set… 

Values all comparable: 
Columns all of the same type 



Results 

XGAP model 



Challenge: Data sets can be variable combinations 

Genotype 

Marker 
pkP1050 
pkP1101 
pkP1103 
pkP1052 
… 

Panel 
N2 
CB 
… 

Microarray 
Probe 
AGIUSA45211 
AGIUSA45212 
AGIUSA45213 
AGIUSA45214 
… 

Sample 
GSM588088 
GSM588089 
GSM588090 
GSM588091 
… 

LC/MS 

Individual 
ewIR001 
ewIR002 
ewIR003 
ewIR004 
… 

Masspeak 
MSP0015 
MSP0023 
… 



XGAP model: <any trait> X <any subject> 

DATA 
ELEMENT 

TRAIT 

SUBJECT 

columns 

rows 

DIMENSION 
ELEMENT 

cell 

Swertz et al. (2010) Genome Biology 9;11(3): R27. 



Extensible core model 

DATA 
ELEMENT 

TRAIT 

SUBJECT 

columns 

rows 

DIMENSION 
ELEMENT 

Probe 
- Name 
- Gene 
- Chromosme 
- Locus 

Marker 
- Name 
- Allele 
- Chromosme 
- Locus 

MassPeak 
- Name 
- MZ 
- RetentionTime 

Panel 
- Name 
- Type: CSS, RIL.. 
- Parent Panels 
 

Individual 
- Name 
- Strain 
- Mother 
- Father 
- Sex 

Sample 
- Name 
- Individual 
- Tissue 
 

And so on 
… 

And so on 
… 

Swertz et al. (2010) Genome Biology 9;11(3): R27. 

cell 



Using the XGAP model 

1. model 

2. generate 
4. import 

3. program 
viewer plugin 

DATA 
ELEMENT 

TRAIT 

SUBJECT 

DIMENSION 
ELEMENT 



Outcome: working application 

Stable! 

Dynamic! 

Stable! 



Results 

Observ-OM model 



So far.. 

•  MOLGENIS toolbox 
•  Good at rapidly generating databases for stable data 
•  Values comparable within columns 

•  XGAP model 
•  Good at flexible homogeneous data sets 

•  All values in data set are semantically equivalent 

•  But how about.. 
•  Capture flexible heterogenous data 

•  Detailed meta-data (value type, unit, ontologies..) 
•  Data lineage by protocol & application thereof 

“Phenotypes” 

“Molecules” 



Repeat 

Can we use ‘entity-attribute-value’ modeling? 

1. model 

…? 

The columns 
should be 
independent 
(more flexible) 

Values NOT all comparable: 
Columns are NOT of the same type 



•  Feature ~= columns, protocols ~= tables 

OntologyTerm 

Feature 

Protocol 

Features become columns 

Adamusiak et al. (2012) Human Mutation 33(5):867-73 

Protocol 
Measuring “Gender”, “Age”, “Height”, “Blood pressure” 
in some medically standardized way (ISO-54532) 

Feature 
“Gender” 
Categr. 
M/F/O 

Feature 
“Age” 
Years 
Integer 

Feature 
“Height” 
Centimeter 
Decimal 

Feature 
“Blood pressure” 
mmHg 
Decimal 

Ontology 
MeSH term 
“Blood pressure” 

Ontology 
MeSH term 
“Gender Identity” 



OntologyTerm 

Target Feature 

Protocol Observation 

Value 

Observations become table rows 

•  Targets are patients, samples, groups, etc 

Adamusiak et al. (2012) Human Mutation 33(5):867-73 



MeSH: Blood Pressure 
 

“PRESSURE of the BLOOD 
on the ARTERIES and 

other BLOOD VESSELS.” 

Individual ”John Doe” 

BLOOD PRESSURE, 
SYSTOLIC, FIRST READING 

TAKEN BY PHYSICIAN 
[unit: mmHg, dataType: 

decimal] 

FRAMINGHAM Clinic 
Exam, Original Cohort, 

Exam 10 

Dr. Smith examines 
cohort patients, June 

12th 1949 

140.1 

Data example 

Adamusiak et al. (2012) Human Mutation 33(5):867-73 

Observation 

Target Value 

Protocol 

Feature 

Ontology 





MeSH: Blood Pressure!
!

“PRESSURE of the BLOOD on the 
ARTERIES and other BLOOD VESSELS.”!

Observation 

Protocol 

Ontologies 

Features 

Targets Values 



xQTL workbench 
Arends & van der Velde et al, 
Bioinformatics (2012) 
http://www.xqtl.org 

AnimalDB 
Track and trace of animal life 
events in research laboratories 
http://www.animaldb.org 
 

MOLGENIS software 
Swertz et al, 
BMC Bioinf. (2010) 
http://www.molgenis.org 

CropQTL 
Learning From Nature project, 
arabidopsis thaliana data 
•  1400 plants 
•  SNP genotypes (~70 million values) 
•  Classical traits, e.g. flowering time 

..more 

Observ-OM model 
Adamusiak et al, 
Human Mutation (2012) 
http://www.observ-om.org 

LifeLines Research Portal 

XGAP model 
Swertz et al, 
Genome Biology (2010) 
http://www.xgap.org 

WormQTL 
•  Panacea project, C. elegans data 
•  ~300 million measurements 
Snoek, van der Velde, Arends & Li et al, 
Nucl. Acids Res. (2013) 
http://www.wormqtl.org 

Building G2P applications 

EB Registry 
Van den Akker et al, 
Human Mutation (2011) 
http://www.deb-central.org 



Showcase 
EB Registry 



EB Registry: Dystr. EB mutation database 



EB Registry: Dystr. EB mutation database 

target 

feature 

value 

Protocol Application 



Showcase 
WormQTL 



WormQTL.org 



WormQTL.org 



WormQTL.org 



WormQTL.org 



WormQTL.org 



WormQTL.org 



Current work 



OmicsConnect running on Observ-OMX 

Core model 

GWAS Central 
Explore summary level 
GWAS data 

Compute 
Run analysis workflows 
on big data compute 
infra- 
structure 

Catalogue 
Find data item and 
sample collections 

Protocol 
CRFs, Questionnaires, Lab 
protocols, and assays 

xQTL 
Multi-omics association & 
visualization tools 

Share 
Friends, Groups and 
Permission management 

NGS 
Next-Generation 
Sequencing 

File 
File storage and drivers 
for images and data 

Mutation 
Explore genetic 
mutations and patho-
genicity effects 

XGAP 
Multi-omics genotypes 
and phenotypes 

Data 
Filter individual data sets 
and download to Excel & 
SPSS 

Organization 
Institutes, Departments, 
People, Locations & 
Containers 
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Wrap-up 

Summary 
•  Complex variation, geno-to-pheno 

•  Exploiting the data requires structure 

•  Best-of flexible and stable parts 

•  Support homo- and heterogeneous data 

Read more 
•  MOLGENIS: http://www.molgenis.org 

•  MOLGENIS Compute: http://www.molgenis.org/wiki/ComputeStart 

•  xQTL: http://www.xqtl.org 

•  Adamusiak et al (2011) BMC Bioinformatics  
•  Akker et al (2011) Human Mutation  
•  Arends et al (2010) Bioinformatics 26: 2990-2992 
•  Brandsma et al, Norsk Epidemiologi 2012 
•  Snoeks et al (2013) Nucleic Acids Res 
•  Swertz et al (2010) Genome Biology 9;11(3): R27. 
•  Smedley et al (2008) Briefings in bioinformatics 9(6):532-44. 
•  Swertz & Jansen (2007) Nature Reviews Genetics 8, 235-243 
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Thank you! 
Questions? 
k.j.van.der.velde@umcg.nl 


