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Outline

• MOLGENIS?

• Flexible bioinformatics application toolkit

•Demo: Model -> Generate -> Use

• XGAP?

• eXtensible Genotype And Phenotype model

•MOLGENIS  generated xQTL & GWAS software

• Link to GMOD?

•Chado? DAS? BioMART? Intermine? Gbrowse?



MOLGENIS

Flexible bioinformatics 

application toolkit for data 

management and interfacing



etc.

etc.
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Use

Animal Observatory

NextGenSeq

Mutation database

Model organisms

Biologist needs Work very hard

Challenge multiplied by project



Needed alternative method

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

http://www.molgenis.org/


MOLGENIS

NextGenSeq

Mutation database

Model organisms

Model in DSL Use generated software

Animal Observatory

Generator

repeat often

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

http://www.molgenis.org/


MOLGENIS: Reuse in light of large variation

NextGenSeq

Mutation database

Model organisms

Model in DSL Use generated software

Animal Observatory

Generator

repeat often

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

http://www.molgenis.org/
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Workflow ready 

web-services

plugin your own scripts 

(eg OntologyBrowser)

Connect to 

statistics

UML documentation of 

your model

Edit & trace your data

Import/export to Excel

find.investigation()

102 downloaded

obs<-find.observedvalue(

43,920 downloaded

#some calculation

add.inferredvalue(res)

36 added







  

Example output



MOLGENIS demo
Model -> Generate -> Use



1

6
customize... Model 

file 

XML

Generate

APIs in Java, R, Web services 

and HTTP

MyScript

Plugins
FormGen

MenuGen
TreeGen

PluginGen
MatrixGen

JTypeGen
JDBCMapGen

JListGen
JReadCsvGen

HSQLGen

JDatabaseGen

MySQLGen







RMatrixGen

WSGen

RListGen

data

infrastructure

user interaction

infrastructure

Communication

infrastructure

Model –> Generate –> Use

https://stat.ethz.ch/CRAN/index.html
http://images.google.nl/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/2/2e/Java_Logo.svg/322px-Java_Logo.svg.png&imgrefurl=http://programming-codes.blogspot.com/2008_07_01_archive.html&h=599&w=322&sz=28&hl=nl&start=20&usg=__yse2eDXEZNtJnoV22Ww8vd9Vp0o=&tbnid=mpdvPW9pstMpEM:&tbnh=135&tbnw=73&prev=/images?q=java&gbv=2&ndsp=20&hl=nl&sa=N


public class ${Name(entity)}Mapper

extends DataMapper<${ Name(entity)}> {

public String addSql(${Name(entity)} e) {

return String.format(

"insert into ${ Name(entity)} ( "

+"${csv(entity.Fields, "name($i)")}"

+") values ("

+"${csv(entity.Fields, "'%s'")}"

+ ")",

${csv(entity.Fields,

"e.get${Name(i)}()")}

);

} ...

public class ExperimentMapper

extends DataMapper<Experiment> {

public String addSql(Experiment e) {

return String.format(

"insert into Experiment ( "

+"ID,Name,Medium,Stress,Log,

visibleToGroup"

+") values ("

+"'%s','%s','%s','%s','%s','%s'

+")",

e.getID(), e.getName(), 

e.getMedium(),e.getStress(), 

e.getLog(),e.getVisibleToGroup()

);

} ...

(A) Generator Template (B) Generated source filegenerates

A generator = template

e.g. ${Name(entity)} -> ExperimentMapper



Usage examples in Life Sciences
20

Mutation

Phenotype

Sequencing LIMS

Proteo/Metabolomics

Animal LIMS

GWAS / GWLS

<add your project here>



XGAP 

extensible genotype and 

phenotype data model for xQTL 
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Problem domain:

xQTLs

GWAS

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

http://www.xgap.org/


Genotype data

Data in practice

BxD1 BxD2 BxD3 BxD4 BxD5 BxD6 BxD7

rs13475697 1 1 0 1 0 1 0

rs13475698 1 0 0 0 0 0 1

rs13475699 0 0 0 1 0 1 1

rs13475700 1 1 1 1 0 1 0

rs13475701 1 0 1 0 0 1 1

rs2228909 1 1 0 1 0 0 0

rs2228910 0 0 1 1 0 0 0

rs3022775 0 0 0 1 1 0 1

rs3024102 1 0 1 0 0 0 0

rs3024103 1 0 0 1 0 0 0

rs3024104 0 1 0 0 0 0 0

rs3024105 0 0 1 0 0 0 1

rs30462182 1 0 0 0 0 0 0

rs30522279 0 1 0 0 1 0 0

M
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DATA ELEMENTS
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Data in matrices



Annotations in practice

• Annotations in tables, e.g. Marker

Name Symbol Chr cM bpStart mb

C1M1 I_1_pkP1050 1 -18.2603 168807 0.168807

C1M2 I_2_pkP1101 1 -17.2825 992188 0.992188

C1M3 I_3_pkP1103 1 -11.959 1884415 1.884415

C1M4 I_4_pkP1052 1 -6.1004 2818973 2.818973

C1M5 I_5_egPE107 1 -3.5488 3502476 3.502476

C1M6 I_6_egPF101 1 -1.4887 4338254 4.338254

C1M7 I_7_pkP1054 1 -0.6162 4845515 4.845515

C1M8 I_8_egPH102 1 0.4597 5893622 5.893622

C1M9 I_9_pkP1057 1 0.9366 6359867 6.359867

C1M10 I_10_pkP1116 1 2.1576 7589863 7.589863

C1M11 I_11_egPK103 1 2.4087 7894081 7.894081

C1M12 I_12_pkP1059 1 2.9456 8654360 8.65436

C1M13 I_13_pkP1122 1 3.7959 9569914 9.569914

C1M14 I_14_egPN104 1 4.7801 10259909 10.259909

C1M15 I_15_egPO105 1 6.0193 11085295 11.085295

C1M16 I_16_pkP1068 1 7.5226 11760182 11.760182

MARKER
-Name

--Symbol

-Chr

-cM

-bpStart



Model: try 1

Genotype

MARKER
-Name

-Sybol

-Chr

-cM

-bpStart

Panel
-Name

-Type: CSS, RIL..

-Parent Panels



But…

Genotype

MARKER
-Name

-Symbol

-Chr

-cM

-bpStart

Panel
-Name

-Type: CSS, RIL..

-Parent Panels

Microarray

PROBE
-Name

-Gene

-Chromosme

-Locus

SAMPLE
-Name

-Individual

-Tissue

LC/MS

INDIVIDUAL
-Name

-Strain

-Mother

-Father

-Sex

MASSPEAK
-Name

-MZ

-RetentionTime



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

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

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

…

http://www.xgap.org/
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Extending on FuGE

FuGE: Jones et al Nature Biotech 25, 1127-1133
Jones et al (2007) Functional Genomics Experiment model. 

Nature Biotechnology

DATA DATA

Genotype data QTL data

QTL 

Mapping

Affy

Array

SNP

Array
DATA

Expression data

Mapping

Protocol

Illumina

R

Software

Illumina

Protocol

Affy M430

Protocol

Bead

Studio

DATA

application

Protocol

Software

Equipment

Bioconductor

Norm.

Affy M430

platform

DATA DATA

DATA

FuGE:



XGAP

extensible genotype and 

phenotype software platform for xQTL



http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

Generated: user interfaces

http://www.xgap.org/


http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

Data exploration

http://www.xgap.org/


Generated: common database/format

my GaP

researcher
researcher

my Data

my Data

Raw and processed data

Between labs

Database

3

2Simple text based format



Generated: common database/format

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

http://www.xgap.org/


Plugin: import wizard

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

http://www.xgap.org/


Generated: rich user documentation

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.

http://www.xgap.org/


Generated: connection to R statistics

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
#connect to my XGAP database 

source("http://aserver/xgap/api/R")  

 

#upload my 'metanetwork' investigation      

add.investigation(name="metanetwork") 

 

#use 'metanetwork' investigation  

use.investigation(name="metanetwork")  

 

#upload subjects and traits  

add.marker(name=rownames(markers),  

           chr =markers$chr,  

           cm  =markers$cM) 

add.metabolite(name=rownames(metabolites)) 

add.subject(name=colnames(genotypes)) 

 

#upload genotype and phenotype data matrices 

add.datamatrix(geno,  

name="geno" rowtype="marker" 

coltype="subject" valuetype="text") 

add.datamatrix(mpheno,  

name="mexpr" rowtype="metabolite" 

coltype="subject" valuetype="double") 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
#connect to XGAP database 

source("http://aserver/xgap/api/R") 

 

#use 'metanetwork' investigation 

use.investigation(name="metanetwork")  

 

#list available data sets  

find.datasets()  

  

#download genotype and phenotype datasets 

geno    <-find.datamatrix(name="geno") 

mpheno  <-find.datamatrix(name="mexpr")  

markers <-find.markers() 

 

#calculate & plot (Fu 2007, Nature Protocols) 

mqtls <-qtlMapTwoPart(geno,mpheno,spike=4)  

qtlPlot(markers,mqtls, 4) 

 

#upload qtl result matrix 

add.datamatrix(mqtls,  

name="qtlprofiles" 

rowtype="metabolite" coltype="marker" 

valuetype="double") 

 

XGAP 
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Scientist A uploads raw data Scientist B uploads analysis results 

Swertz et al (2010) XGAP: a uniform and extensible data model and software platform for genotype and 

phenotype experiments. Genome Biology 11(3).



Generated: tool integration interfaces

• REST, SOAP, RDF

Morris Swertz /37

Smedley, Swertz, Wolstencroft et al (2008) Solutions for data integration in functional genomics: a 

critical assessment and case study. Briefings in Bioinformatics 9(6)

ws
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Gene 

symbols



Plugin: Data analysis using cloud/cluster



Discussion & Conclusion

GMOD links? 



GMOD link ideas

• Chado

• XGAP harmonization towards Chado?

• MOLGENIS 4 Chado?

• Gbrowse & DAS

• Have XGAP data projected on genome browser?

• Serve XGAP data as custom tracks?

• BioMART/InterMine

• Consume BioMART data to auto-annotate experimental data?

• Export XGAP experiments into MART/MINE query environments?



RDF + SPARQL

41

Panacea

GEN2PHEN
LifeLines

IOP

Deformed 

ears?

HPO:
Abnormally shaped ears 
Auricular malformation 

Deformed auricles

MP:
Malformed auricles 

Malformed ears 
Malformed external ears

etc

query expansion

Ontologizing....
Local 

ontologies

(OLW or 
OBO)

BioPortal

OLS

OntoCAT – Ontology common API tasks

http://www.ontocat.org and http://precedings.nature.com/documents/4666

http://www.ontocat.org/
http://precedings.nature.com/documents/4666


Getting started
http;//www.molgenis.org

• Software needed

• Java

• Tomcat

• MySql/Postgresql

• Eclipse

• MOLGENIS (svn or zip)

• Model + Generate

• New database

• Existing databases

• Use

• Web interrace

• R, REST, SOAP, JAVA 

interfaces
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Web 

• MOLGENIS: http://www.molgenis.org

• XGAP: http://www.xgap.org

• OntoCAT: http://www.ontocat.org

Pubmed

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

• Smedley et al (2008) Briefings in Bioinformatics 9(6): 532-544

• Swertz & Jansen (2007) Nature Reviews Genetics 8, 235-243

• Swertz et al (2004) Bioinformatics 20(13), 2075-83

Thank you!

Questions?
m.a.swertz@rug.nl

k.j.van.der.velde@rug.nl 

http://www.molgenis.org/
http://www.xgap.org/
http://www.ontocat.org/

