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Genomics Coordination Center, UMCG, Groningen 

•  (Inter)national bioinformatics hub of~15 on a mission to speed 
up rare and complex disease research and improve patient 
care via databases, integration tools and analysis pipelines 

(NGS) diagnostics & clinic 

Human and model organism research: genotype 2 phenotype 
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MOLGENIS: Motivation – building many apps 

Use 

Animal Observatory 

NextGenSeq data 

Mutation data 

Model organisms data 

Researcher needs Work very hard 



Instead: design blueprint of data model & GUI 

What comes where? 

What dimensions? 

E.g. 

•  Phenotype reports? 

•  Genotype reports? 

•  Mutation reports? 

•  News? 

•  Submissions? 

•  Literature? 

•  Clinician contacts? 

•  ... 



MOLGENIS: Solution - generate 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 



Example of a basic application 



Migrated from SVN to GitHub 

~15 active devs  ~25 projects   github.com/molgenis 



Migrated from Ant builds to Maven modules 

•  MOLGENIS collection of repositories 
•  molgenis: rich application toolbox 

•  sdk: bare bones development 

•  …others 

JPA / 

mvc 



Continuous integration & automated deploy 



Motivation: Understanding geno-to-pheno 

eQTL 

pQTL 

mQTL 

phQTL 

genotype 



Situation: Many types and flavours of data 

Genomic features, 
individuals, ontologies .. 

Metadata for phenotypes, 
datasets, samples, panels …  

Genotypes, 
conditions … 

Biomolecular measurements, 
association results ... 



Challenge: Building a ‘team’ database 

? ? 
? 

Data model 



Bigger challenge: Building many databases 



MOLGENIS: Many unique apps is not optimal 

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 data models to use? 

Can we have a model that rules them all? 

One application > Many applications 



What are we dealing with? 

Annotations of concepts 
used in data sets, 
mostly static content 

Experimental data sets, 
usually flexible and 
volatile content 

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: 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 for homogen. datasets 

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 



OntologyTerm 

Target Feature 

Protocol Observation 

Value 

Observ-OM model for flexible columns/prov. 

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 

Observ-OM data example 

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

Observation 

Target Value 

Protocol 

Feature 

Ontology 



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 

Evolution 

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



One to rule all? 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 



Outcome: working applications (e.g. xQTL) 

Stable! 

Dynamic! 

Stable! 



Dystrophic EB Register (COL7A1) 



Dystrophic EB Register (COL7A1) 

target 

feature 

value 

Protocol Application 



WormQTL.org (C. Elegans) 



WormQTL.org (C. Elegans) 



WormQTL.org (C. Elegans) 



WormQTL.org (C. Elegans) 



WormQTL.org (C. Elegans) 



WormQTL.org (C. Elegans) 



PlantQTL (Arabidopsis & Brassica, pilot) 



GoNL  (Genome of the Netherlands) variants 

www.nlgenome.nl 



Posters @ BOSC Poster area 

OmicsConnect Compute BiobankConnect 
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Wrap-up 

Summary 
•  MOLGENIS software generator 

•  Exploiting bio data requires structure 

•  Best-of flexible and stable components 

•  OmicsConnect as modular platform of apps 

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

•  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 

github.com/molgenis 


