molgenis:: MOLGENIS
Urar database at the pust of 24 bt bioinformatics toolkit
& XGAP

eXtensible Genotype And Phenotype platform

GMOD meeting Europe
Cambridge, Sept 13, 2010

Morris A. Swertz, K Joeri van der Velde , Alexandros Kanterakis,
Juha Muilu, Tomasz Adamusiak, Martijn Dijkstra, Gudmundur A.
Thorisson, George Byelas, Danny Arends, Members of EU -
GENZ2PHEN, NL -NBIC, EU -CASIMIR, BBMRI -NL, EU-PANACEA,
Anthony J. Brookes, Ritsert C. Jansen and Helen Parkinson

university of

"y
g umee =T I EBl @@ / groningen

i

A




Outline

MOLGENI®

Flexible bioinformatics application toolkit
Demo: Model -> Generate -> Use

XGAP

eXtensible Genotype And Phenotype model
MOLGENIS generatedQTL & GWAS software

Link to GMOD?
Chadd? DASBIoMART Intermine ? Gbrowse?



MOLGENIS

Flexible bioinformatics
application toolkit for data
management and interfacing
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Challenge

biologist

static woid main{3tring[] args) throws Exceptio
3tring path = args[0];

Service
Requester Provider

£ ARRAYEXPRESS

\. Exchange services

@ O‘B‘F GHQD

bioinformatician




Challenge multiplied by project

Biologist needs Work very hard Use

T m b

Solexa Sequencer LIMS

04 | C8iesl mide) | B-progcLAP] | HTTE AF1 | i Sendtes AP|
Sampling | Flawcell Preps

y
NextGenSeq

Thes databd
520wt

75

sequence_pri imes_id

[database of COL7A1 mutations

Mutation database

Find mutations/variations
Exon/Intron: or | Select exoniintron [ ]

Seec maton ype [2]

Selectproten goman =]

Animal Observatory
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Needed alternative method

OPINION R coucncs

Beyond standardization:
dynamic software infrastructures
for systems biology

Morris A. Swertz and Ritsert C. Jansen

Abstract | Progress in systems biology is seriously hindered by slow production
of suitable software infrastructures. Biologists need infrastructure that easily
connects to work that is done in other laboratories, for which standardization
is helpful. However, the infrastructure must also accommodate the specifics of
their biological system, but appropriate mechanisms to support variation
are currently lacking_We argue that a minimal computer language. and a
software tool called a generator, can be used to quickly produce customized
software infrastructures that ‘systems biologists really want to have’'.

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

Model organisms

Model in DSL L

repeat often

Use generated software

Solexa Sequencer LIMS

il n0ede) | B-piuiscl AP | TR AF1 | iab SerdteiaP)

016 | G
Sampling Flowcell Preps

recipes
sequence_primers
‘Genome Analyzer Runs
Fipeline Runs |

44 44 Dof0 rr b

This citabd
32015513
uuuuuu _primes_id

|database of COL7A1 mutations

Find a specific mutation/variation
MNucleotide No:

Find mutations/variations.

75

http://www.molgenis.org

Swertz & Jansen (2007)
Swertz et al (2004)

Bioinformatics

Nature Reviews Genetics
20(13), 2075

8, 235 -243
-83
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MOLGENISReuse In light of large variation

Model in DSL

Model organisms

http://www.molgenis.org

Swertz & Jansen (2007)
Swertz et al (2004)

Nature Reviews Genetics

Bioinformatics 20(13), 2075

repeat often

8, 235 -243
-83

Use generated software
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[database of COL7A1 mutationg

Find a specific mutation/variation
MNucleotide No:

Find mutations/variations
Exon/Intron: or | Select exonfiiron [

Seec maton ype [2]

Selectproten goman =]

Animal Observatorz&E

Search terms

== ‘

fute Decarter 17,2007
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Example output

L Connect to

statistics

UML documentation of
your model

find.investigation
102 downloaded

0

obs <- find.observedvalue
43,920 downloaded

#some calculation
add.inferredvalue
36 added

(res)

®

+

Workflow ready
web-services

plugin your own scripts
(eg OntologyBrowser)

(

Edit & trace your data

EMBL-EET
| JETH Databases
| Observable Features
| Observation Targets ‘ Report
| Protocols Investigations
[ ontoloav Terms ‘ Observable Features name
‘ Observation Targets
Import/export to Excel ‘Pmm
® Filew Edity  Views ‘OntdogyTerms

4 Download visible
b

EntW
Fode Lists

+ Download selected
R b protocol_observableFeature... s protocolt

b panelt

a_

ontologysource.tt

observablefesture st

GEN2PHEN Phenotype Model reference implementation

File » Edit ¢ View »

[Variable Definitions| [ObservedValues| [Protocol Applications| [InferredValues]

File » Edit » View »

* = this record is readonly.

Give us
feedback

[TZ71 [Documentation| [R-project API| [HTTP API| [Web Services API]

Investigations
|44 A4 10f102 B i

Jax2
description [Source: Mouse Phenome Database http://www.jax.org/phenome] Ijj

Observable Features
|44 44 1-10f1 BB b

‘/ Sean::h:l type | = - ’

type name investigation ontologyReference
|| VariableDefinition major histocompatibility complex H2 haplotype Jax?

- h2 haplotype
[

This database was generated using the open source MOLGENIE database generator version 3.3.0-testing.

Please cite Swertz et al (2004} or Swerlz & Jansen (2007) on use.




MOLGENIS demo
Model -> Generate -> Use



Model &> Generate & Use

o

user interaction A

infrastructure

- MysScript | Generate I
- Plugins |
¢

PluginGen
= ,, JDBCMapGen
; JTypeGen
JReadCsvGen
JListGen
RListGen
JDatabaseGen
RMatrixGen
HSQLGen

MySQLGen

S

MysaL’|

data
infrastructure



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

A generator = template

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

(A) Generator Template (B) Generated source file
public class ${Name(entity)} Mapper public class Experiment Mapper
extends DataMapper<  ${ Name(entity)} > { extends DataMapper<  Experiment > {
public String addSql( ${Name(entity)} e) { public String addSql( Experiment e) {
return String.format( return String.format(
"insert into ${ Name(entity)} (" "insert into Experiment ("
+" ${csv(entity.Fields, "name($i)" )" +"ID,Name,Medium,Stress,Log,
+") values (" visibleToGroup
+" ${csv(entity.Fields, "'%s")} " +") values ("
+")", +"'%s','%s','%s','%s','%s','%s'
${csv(entity.Fields, +")",
"e.get${Name(i)}()")} e.getID(), e.getName(),
); e.getMedium(),e.getStress(),
} ... e.getLog(),e.getVisibleToGroup()
);



moigenis  Jsage examples in Life Sciences

T Mutation

Phenc-OM reference implementation

Phenotype

Solexa Sequencer LIMS

— - P -
Sampirg. == e

Sequencing LIMS =

=} 1D:1. species: Hamster = w: _events , wellbeing ,

1D:2, species: Hamster
1D:3, species: Hamster

Al sninals

remove | load

0 [Currenty showing eventlog of animal ID §,

10:4, species: Rat Boin at or around 20071217 in liter nudll at location null, Det il -~
H D5, species: Mouse Weaned at 2007.12-17 Details: null stats: Hoallhy —1
Il

Sex (nul) determined at 2007.
Sample taken at 20071217

1217, Details: Not sure
Details: Braintissue

Proteo/Metabolomics

Animal LIMS

GWAS / GWLS

<add your project here>



XGAP
extensible genotype and
phenotype data model for xQTL




Problem domain:
XQTLs
GWAS

100,000

BIOCONDUCTOR

~\preprocess/

microarray

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



http://www.xgap.org/

Data In practice

Data in matrices Genotype data

Subjects: PANELS

DATA ELEMENTS

TRAIT 3 SUBJECT




Annotations Iin practice

A Annotations in tables, e.g. Marker

MARKER

-Name
--Symbol

-Chr
-cM
-bpStart

Name
CiM1l
CiM2
CiM3
CiM4
C1M5
C1M6
CiM7
CiM8
C1iM9
CiM10
CiM11
CiM12
CiM13
CiM14
CiM15
CiM16

Symbol

| 1 pkP1050

| 2 pkP1101
| 3 pkP1103

| 4 pkP1052
| 5 egPE107
| 6 egPF101
| 7 pkP1054

| 8 egPH102
| 9 pkP1057
| 10 pkP1116
| 11 egPK103
| 12 pkP1059
| 13 pkP1122
| 14 egPN104
| 15 egPO105
| 16 pkP1068

RPRPRRPRRPRRPRPRPRPRPRPRPRPRPRRERRERQOD

>
=

cM

- 18.2603
-17.2825
-11.959
-6.1004
- 3.5488
- 1.4887
-0.6162
0.4597
0.9366
2.1576
2.4087
2.9456
3.7959
4.7801
6.0193
7.5226

bpStart

168807

992188

1884415
2818973
3502476
4338254
4845515
5893622
6359867
7589863
7894081
8654360
9569914

10259909
11085295
11760182

mb
0.168807
0.992188
1.884415
2.818973
3.502476
4.338254
4.845515
5.893622
6.359867
7.589863
7.894081
8.65436
9.569914
10.259909
11.085295
11.760182




Model: try 1

Panel

-Name

-Type: CSS, RIL..
-Parent Panels

MARKER

-Name

Sul<—  (Genotype
-Chr
-cM

-bpStart



But é
Panel

-Name

-Type: CSS, RIL..
-Parent Panels

SAMPLE
MAR KER -Name
-Name -Individual

-Symbol R Genotype -Tissue
-Chr

-cM

INDIVIDUAL

-Name

-bpStart

-Strain
-Mother
-Father

PROBE

-Name .

. Microarray
-Chromosme

-Locus

MASSPEAK

-RetentionTime



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

LNIBIAVAIDIRVAY

SAMPI F

And so on
e
dimension

MARKER B FI EMENT columns
MASSPEAK

And so on
é DATA

OWS ELEMENT

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

Genotype data QTL data
QTL
DATA Mapping DATA
Affy M430 Affy M430 Bioconductor Mapping R
Protocol platform Norm. Protocol Software
FUGE:
Expression data

DATA
;I DATA o
application

Protocol
lllumina llumina Bead _
Protocol Studio Equipment

Software

Jones et al (2007) Functional Genomics Experiment model.
Nature Biotechnology




XGAP
extensible genotype and
phenotype software platform  for xQTL




Generated: user interfaces
XGAP - eXtensible Genotype and Phenotype platform

molgenis

| About | Ohject model | R-project APL | HTTE AP | ¥Web Services AP

Investigations Investigations
File »Edit «View » |4d 44 10f8 pp bb

-, - l— I
‘Dnlnlugyﬂmwser K Search:| type El(- z
‘ Wizard type Investigation =
annotations + -
*

‘ Archiver name |dentification of OTL far |
start

-t -
‘ Miscellaneous end tﬂ 3 | J

|Dvervie|n|| |Suhie|:ts| |Trails| |Protn|:ols| |Soﬂware| |Publi|:ations| |Dntolngies

Data

File »Edit »View » |44 dd10f2 pp b

!‘-f Search:| type vl = 'I oy

type

annotations

name behaviour

Investigation |dentification of ATL for locamator activation and anwiety using related inbred strains BE and C55.A ;I &3

RowType Individual - *

ColType Phenatype - |*

ValueType | Decimal -|*

TotalRows | J52 *

TotalCols 2 *

Source BiramFilz - |* ﬂ ’ E.-
o] il oo

|44 44 L

Phenotype 1-8 of 8
PCTT10 TOTDIST TOTREAR AMBEPIS AVGYELO PCTREST ACTFACT ANXFACT

138477 35,35  3,818.8 57 138 43,16 5447 -0.01 1.92
NI 138423 (882 Eipdl ) &7 115 3748 4883 018 0,05
SLLECE (35424 17,2 3,569 108 117 33,49 5363 011 0,49
\ /| 138475 19,93 5,466,470 113 3545 5267 1z W07

b8 140942 20038 5,296.4 123 136 |46 3|47 17 0,29

B 140943 17.57  Z689.8 91 91 3729 S6e5 a7 00B

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



http://www.xgap.org/

Dat loration
ala expioratio Y
[ A 1-2cf 2 e e
= me Description
PCTTI0  Percent time spent in center of arena (interval of 10 min)  Identifi
TOTDIST Total distance Identifi
TOTREAR Total rearing Identifi
AMEEPIS Ambulatory episodes Identifi
AMGWELD Average welociby Identifi
PCTREST Percent resting Identifi
ACTEACT Activiby Factor Identifi
* AMEFACT Anxieky Factor Identifi
Individuals
[ A 1-10cf 362 BE e
= e Strain I

138422 CEFBL/EI(EG] + C58/1  Identific

44 44 2 2

138423 CEFEL/E] (BE) + CEEA Identific Phenotype 1-8 of 8

138424 (CEFELJE] (BE) + 5840 Identific PCTT10 TOTDIST TOTREAR AMBEPIS AVGVELO PCTREST ACTFACT ANXFACT

T ey el B e e 138423 1882 3,741 67 115 37.48 48.83 0.18 0.05
138424 17.2 3,569 108 117 33.49 53.63 0.11 049

140942 CEFEL/R] [BE el Idertif
o1 (BE) + C56f . 138425 1993 34664 70 113 3545 5267 012 0.07
140944 CEFEL/E](BE) + C58/)  Identifi 140942 2038  5,296.4 123 136 35.46 38.47 1.78 -0.29
141427 CE7EL/BI(EG) + C58/)  Identific 140943 17.57 26898 01 o1 37.29 56.25 0.79 0.08
BTl T T 140944 30.27 4,108.2 63 141 41.64 46.38 0.61 1.29
_ 141427 2897 3,466.5 112 127 36.14 48.17 0.33 0.59

141429 CEFELJE] (BE) + €580 Identific
141428 1325 23917 83 76 29.55 60.18 1.2 11
141429 2212 31405 62 107 35.48 52.55 0.37 0.11

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

Simple text based format

Z] strain. bt

%) species txt
=l protocol. bt
=] probe. et

=] marker.txt
=] investigation. tx
=] individual, et

Raw and processed data

=] genotypes. b
2 expressions. txt

~N

my Data E} gene. txt =] normalizedexpressions. bt
=) data.bet 2 gprofles. bt
4] constan
data
]% < >

|
T researcher

my Data

L
~

Matabase

>

! researcher
"
Between labs

N W



Generated: common database/format

% xgapads - OpenOffice.org Calc

Bestand Bewerken Beeld Invoegen

Opmaak Extra Gegevens Venster Help

i B-ED s [ EBERIYE I KEC -FIIB-- @ by WP EES QI
F e Jarial o Hvecllis=== |b% LMl 0-2-4
|03 - AE = |
A | B | « D | E | F c | H | I | K|
1 [chromosé¢cM bpStart bpEnd |seq symbol | Type annotaticname descripti® investiga®
2 0 0 Marker ageimsxs testinvestig
3 0 0 Marker dhglfcinu testlnvestig
4 0 0 Marker Znsqgvcug testinvestig
5 0 0 Marker gckolemgws testinvestig
& 0 0 Marker w testinvestig
7 0 0 Marker agmk testinvestig
3 0 0 Marker pvipltxp testinvestig
9 0 0 Marker b testinvestig
10 0 0 Marker in testlnvestig
11 0 0 Marker Uyxgwa testinvestig
12 0 0 Marker i testinvestig
13 0 0 Marker nufd testinvestig
ML G RE e e e e — —

|Blad& /6

| PageStyle

http://www.xgap.orqg

Data import wizard

Lipload Excel file with your data
IE:‘\Users‘xJneri‘xDeslctup‘\ Eladeren_l Upload |

Swertz, van der Velde et al (2010)

Genome Biology 9;11(3): R27.


http://www.xgap.org/

Plugin: import wizard

Import prognosis

Sheets
Sheetname | Importable?
Data . Yes
Investigation _
MassPeak | INNESINN
BogusSheet | NN
L Individual . ¥es |
T Marker | Yes |
Fields of importable sheets
Import order | Sheet name | Importable fields Unknown fields
1 Investigation | IETYPE, ARnotations name, fame, Gescription, SEaRt, Snd No unknown fields
2 Data __Type, annotations_name, name, description, investigation_name, rowType, colType, valueType, source No unknown fields
3 Individusl | __Type, annotations_name, name, description, investigation_name, strain_name, mother_name, father_name No unknown fields
4 Marker chromosome_name, cM, bpStart, bpEnd, seq, symbal, _Type, annatations_name, name, description, investigation_name, protocol_name | =0
5 MassPeak No importable fields Mo unknown fields
Unknown sheets and fields will be ignored during the import. If the current prognaosis is not to your liking, please update your Excel file and upload it again.
Selectnew e Previous | Done?  Import |

http://www.xgap.org
Swertz, van der Velde et al (2010) Genome Biology 9;11(3): R27.
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Generated: rich user documentation
XGAP 1.4 distro prototype documentation.

Table of contents

fuge.common package: fuge.bio package: xgap.core package: xgap.subject xgap.trait package:

package:
ldentifiable
Describable

Parameter
Investigation

MeasurementUnit
Species Chromosome

Fugelnvestigation .
-
DataType * Locus
-
-

Material

Data
DimensionElement

Tissue Trait
SampleLabel NMRBin

FugeData
FugeDimensionElement

OntologyTerm

Category

URI
BibliographicReference
OntologySource

Contact

Description
DatabaseReference
DatabaseAddress
FugeProtocolApplication
ParameterizableApplication
Protocol
Parameterizable
Software

Equipment

- -
- -
Security + HigherLevelAnalysis + ProtocolApplication
- -
- -

-
-
-
-

*® & 8 ® # & * & & F 8 e

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