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1. Welcome note

Gert Vriend: “I rest my case…….”

2

2. General Information
BBC12, the seventh Benelux Bioinformatics Conference, will be held in Nijmegen (the Netherlands)
on December 10th and 11th, 2012. The conference will be organised by the Centre for Molecular
and Biomolecular Informatics (CMBI) and the Netherlands Bioinformatics Centre.
BBC12 will discuss advances in bioinformatics and interrelated disciplines, and their wide-ranging
applications in health and biotechnologies. BBC12 will deliver a cross-disciplinary scientific
programme of oral and poster presentations, as well as other opportunities to explore innovative
ideas.
The BBC conference is the premier event for bioinformatics research in the BeNeLuX region, and
represents a great opportunity to interact with public and private sector researchers from this
region and beyond. We anticipate that the BBC will once again provide a stimulating experience for
enhancing research, learning and cooperation.
The key theme of BBC12 will be "Bioinformatics at the interface". The interface can be either
between research fields or between molecules.

Conference venue
The day programme on December 10 & 11, 2012 will be held in:
Auditorium UMC St Radboud
Geert Grooteplein 15, route 296
6525 GA, Nijmegen
The Netherlands
The evening programme on December 10, 2012 will be held in:
Hotel Erica
Molenbosweg 17
6571 BA Berg en Dal
The Netherlands

3

3. Committees BBC12
Organising Committee
 Reinhard Schneider, Luxembourg Centre for Systems Biomedicine
 Yves Moreau, Katholieke Universiteit Leuven
 Gert Vriend, CMBI, UMC St Radboud, Nijmegen
 Chris Evelo, Maastricht University
 Barbara van Kampen, CMBI, UMC St Radboud, Nijmegen
 Femke Francissen, Netherlands Bioinformatics Centre, NBIC
Scientific Programme Committee
 Barend Mons, Leiden University Medical Center
 Jaap Heringa, Vrije Universiteit Amsterdam
 Martijn Huynen, CMBI, UMC St. Radboud, Nijmegen
 Jan-Peter Nap, Wageningen University & Research Centre
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 Berend Snel, Utrecht University
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 Perry Moerland, Academic Medical Centre (AMC), Amsterdam
 Victor Guryev, Team Leader at ERIBA
 Peter Horvatovich, University of Groningen
 Age Smilde, University of Amsterdam
 Bas Teusink, Vrije Universiteit Amsterdam
 Lodewyk Wessels, Netherlands Cancer Institute
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4. Detailed programme BBC12
December 10, 2012
09:00 - 10:00

Registration & coffee / tea

10:00 - 10:15

Opening by Gert Vriend, CMBI

10:15 – 10:45 Christof Francke, RUNMC (via TIFN)
The use of comparative genomics to uncover the biology behind
regulatory elements
10:45 – 11:15 Lars Ridder, Wageningen University
MAGMa, metabolite identification at the interface between metabolomics
and chemoinformatics
11:15 - 11:45

Coffee/tea break

11:45 – 12:00 Joep de Ligt, RUNMC
Detection of Clinically Relevant Copy Number Variation in Exome
Sequencing data
12:00 – 12:15 Raf Winand, KU Leuven
Paving the way for preventive genomics - The clinical validity of
secondary use of genomic information.
12:15 – 12:30 Anneleen van Geystelen, KU Leuven
AMY-tree: a tool to use whole genome SNP calling for Y chromosomal
phylogenetic applications
12:30 - 14:00

Lunch and software demos

14:00 - 15:00

Keynote speaker: Franca Fraternali,
Molecular Structure group at King's College, London
The Interface of 3D Protein Complexes as a Determinant in
the occurence of Disease-Related Genes

15:00 – 15:30 Griet Laenen, KU Leuven
Integrating gene expression with protein interactions for drug target
prioritization
15:30 – 15:45 Daniel Theunissen, Maastricht University
An integrative bio-informatics approach for analyzing arsenic
exposure on DNA methylation and gene expression
15:45 – 16:00 Anna Faddeeva, VU University Amsterdam
Assembly and annotation of the genomes of Folsomia candida and
Orchesella cincta and comparative genomics of stress defense systems
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16:00 - 16:30

Coffee/tea break

16:30 - 17:30

Ten poster commercials of 5 minutes each:
1) Rachel Cavill, Maastricht University
Dynamic Time Warping for Omics
2) Punto Bawono, VU University
A New Quality Measure for Multiple Sequence Alignments
3) Konrad Zych, University of Groningen
Pheno2geno - Generating genetic markers and maps from gene
expression phenotypes
4) Alejandro Sifrim, KU Leuven
Annotate-it: a Swiss-knife approach to annotation, analysis and
interpretation of single nucleotide variation in human disease
5) Ryo Sakai, KU Leuven
Pipit: visualising structural variations
6) Gökhan Ertaylan, Luxembourg Center for Systems Biomedicine
Anoikis Resistance in Breast Cancer
7) Ireneusz Stolarek, Genetwister Technologies B.V.
Quality Assessment of PacBio RS Data by Reference Mapping
8) Daan Speth, Radboud University Nijmegen
Ion Torrent sequencing in environmental microbiology
9) Evert van den Broek, VU Medical Center
Structural variant detection in colorectal cancer
10) Michiel Stock, KERMIT
Functional Annotation of Enzymes using Active Cleft Similarity and
Ranking Methods

17:30 – 17:45

Closing

17:45 - 18:30

Transport to hotel (busses)

18:30 - 20:00

Conference dinner (no speeches)

20:00 - 24:00

Poster session in hotel bar
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December 11, 2012
08:45 – 09:15
09:15 – 09:30

Registration with coffee & tea
Opening

09:30 – 10:00 Joachim Bargsten, Wageningen University & Research Centre / PRI
Improved protein function prediction across the plant kingdom
10:00 – 10:30 Jolien van Hooff, Utrecht University
Improved timing indicates species-specific origin of small duplicated
blocks in Phytophthora genomes
10:30 – 11:00 Falk Hildebrand, Vrije Universiteit Brussel (VIB)
Confounder variables in metagenomics: importance and solutions
11:00 - 11:30

Coffee/tea

11:30 – 11:45 Ate van den Burgt, Wageningen University & Research Centre
Birth of new spliceosomal introns in fungi by multiplication of introner-like
elements
11:45 – 12:00 Maarten van Iterson, Leiden UMC
Integrated analysis of microRNA and mRNA expression:
adding biological significance to microRNA target predictions
12:00 – 12:15 Isaac Crespo, LCSB, Luxembourg
Predicting missing expression values in gene regulatory networks using
a discrete logic modeling optimization guided by network stable states
12:15 – 12:30 Erika Souche, Center for human genetics, KU Leuven
Analysis of exomes for diagnostics with SNIFER
12:30 - 14:00

Lunch and software demos

13:45 - 14:45 Keynote speaker: Christine Orengo, University College London

Integrating Heterogenous Data to find the Dark Matter in Protein Networks

14:45 – 15:15 Yves Dehouck, Université Libre de Bruxelles (ULB)
Protein-protein interfaces : prediction of the impact of mutations on
binding affinity.
15:15 – 15:45 Wiktor Jurkowski, University of Luxembourg
Analysis of multiple SNV contextualized by protein structure and
sequence conservation.
15:45 – 16:00 Elisa Cilia, Université Libre de Bruxelles (ULB)
Accurate prediction of peptide-induced dynamical changes within
the second PDZ domain of PTP1e*
16:00 – 16:15 Pooya Zakeri, KU Leuven
Fusing Kernels using Geometric Mean of Kernel Matrices
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16:15 – 16:30 Daan Geerke, VU University Amsterdam
Plasticity models for Cytochrome P450 metabolite prediction:
an integrative approach
16:45 - 17:00

Closing remarks prizes for best poster, best seminar, etc.

17:00 - Drinks & snacks
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5. Abstracts keynote speakers
Franca Fraternali
The Interface of 3D Protein Complexes as a Determinant in the
occurence of Disease-Related Genes
F. Fraternali, Hui-Chun Lu
Randall Division of Cellular and Molecular Biophysics, King's College
London, UK
Protein-Protein Interaction Networks (PPIN) annotation and analysis has become an important tool
to study biological systems and genotype-phenotype relationships, especially now that the
biomedical field is flooded with information from sequencing projects. The completion of the 1000
genomes and similar projects have paved the way to more accurate insights to the human genetic
disease profiling. It is therefore very timely to combine these insights with 3D structural knowledge
by studying the occurrence of Single Nucleotide Polymorphisms (SNPs) in protein structures, protein
interfaces and 3D-modeled interfaces. Non-synonymous SNPs (nsSNPs) could cause conformational
changes or failures in forming protein complexes. A large-scale study on nsSNPs may lead to novel
insights into cellular mechanisms and human diseases.

Christine Orengo
Integrating Heterogenous Data to find the Dark Matter in Protein
Networks
C. Orengo
Orengo Group, Bioinformatics Research Group, University College,
London, UK
We have developed a classification of protein domains (CATH-Gene3D) which groups protein
domains into evolutionary superfamilies. This currently contains nearly 16 million sequences
from more than 2000 completed genomes, including model organisms such as human, mouse,
rat etc. We are now exploiting homology based methods to predict the functions of
uncharacterised proteins in this resource. These approaches allow us to infer functions for a
significant proportion of the sequences. We are also predicting the interactions and biological
processes in which the proteins participate. This is being done by combining available
experimental data with predictions of functional associations. Some prediction methods are
homology based but we also include genomic context methods, text mining and mining of
functional genomics data. The challenge is to integrate this data in a manner that increases
confidence in the predictions. We have tested our approaches by predicting functional
associations and protein networks on proteins predicted to be involved in the mitotic spindle
and chromatin compaction with encouraging results and are now exploiting kernel based
approaches for improving performance of the methods. We have also examined changes in the
topology of yeast fission networks in stressed and unstressed conditions.
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6. Abstracts contributed Lectures, December 10
The use of comparative genomics to uncover the biology behind regulatory elements
Christof Francke 1,2,3,4, Lex Overmars 1,3,4
1) TI Food and Nutrition, Wageningen, The Netherlands;
2) Kluyver Centre for Genomics of Industrial Fermentation, Delft, The Netherlands;
3) Netherlands Bioinformatics Centre, Nijmegen, The Netherlands;
4) Center for Molecular and Biomolecular Informatics (260), NCMLS, Radboud University Nijmegen
Medical Center, Nijmegen, The Netherlands;
E-mail: c.francke@cmbi.ru.nl
Background
The main driver for the generation of genomics data in the field of microbial biotechnology is the
search for genes related to certain traits. The ultimate goal is to use the acquired knowledge to
steer microbial behavior in a desired direction. In most of the related analyses the genome is
merely considered an interspersed array of coding sequences (i.e. genes) and physiological
differences are interpreted in terms of their presence or absence. Nevertheless, whether a gene is
translated in to a product (i.e. protein) is not determined by presence but by the way transcription
and translation is being regulated.
Results
We have defined a phylogenetic footprinting and similar motif search approach to determine and
locate regulatory elements on a genome. Besides, we have defined which information on their
function can be pulled from the genomic context. The power of the approach is illustrated by the
discovery of the conserved biological role for various stress-related regulators and for a number of
highly repetitive elements found in bacteria.
Conclusion
The ability to associate regulatory elements with a conserved biological role aids the identification
of genes that are associated with particular microbial physiology and what the underlying
mechanisms are.
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MAGMa, metabolite identification at the interface between metabolomics and chemoinformatics
Lars Ridder 1,2, Justin J.J. van der Hooft 1,3, Stefan Verhoeven 1,2
1) Laboratory of Biochemistry, Wageningen University, Dreijenlaan 3, 6703 HA Wageningen, The
Netherlands
2) Netherlands eScience Center, Science Park 140, 1098 XG Amsterdam, The Netherlands
3) Netherlands Metabolomics Centre, Einsteinweg 55, 2333 CC Leiden, The Netherlands
E-mail: lars.ridder@wur.nl
Background
The identification of large numbers of unknown metabolites is a major challenge in metabolomics.
Multistage mass spectrometry based analytical platforms (LC-MSn) can provide large amounts of
information about the presence and identity of the components in a biological sample. However,
their exploitation is limited by the analytical efforts required from human experts with applicationspecific knowledge.
Methods
We propose to reverse the conventional metabolite identification process. First, we apply
metabolite database searching and in-silico biotransformation models to systematically work out the
range of metabolites that could potentially be present in a sample. Subsequently, their
identification is performed semi-automatically by explaining LC-MSn fragmentation profiles with
substructures of these candidate metabolites.
Results
The method is applied to identify components in green tea and their metabolites in urine after
consumption. We demonstrate that the fragment annotation score successfully ranks known
components among alternative candidates. Furthermore, the approach leads to putative
identification of new components and metabolites.
Conclusions
The tight integration of (bio-)chemical informatics and LC-MSn data analysis allows faster and more
systematic mining of the wealth of information present in this complex data. Final metabolite
assignments by human experts based on this chemically annotated data, leads to reduction of errors
and analysis time, and supports the exploration of the unknown metabolome.
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Detection of Clinically Relevant Copy Number Variation in Exome Sequencing data
Joep de Ligt 1*, Philip M. Boone 2*, Rolph Pfundt 1, Lisenka E.L.M. Vissers 1, Nicole de Leeuw 1,
Han G. Brunner 1, James R. Lupski 2,3, Joris A. Veltman 1, Jayne Y. Hehir-Kwa 1
1) Department of Human Genetics, Nijmegen Center for Molecular Life Sciences, Institute for
Genetic and Metabolic Disease, Radboud University Nijmegen Medical Center, Nijmegen, the
Netherlands
2) Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, Texas, USA
3) Department of Pediatrics, Baylor College of Medicine, Houston, Texas, USA
* These authors contributed equally to this work
E-mail: j.ligt@gen.umcn.nl
Background
Copy Number Variation (CNV) is an important source of genomic variation and a frequent cause of
developmental disorders. Here we evaluate the potential of using Exome sequencing to detect
clinically relevant CNVs.
Methods
We selected a discovery set of 12 known de novo pathogenic CNVs in 10 individuals, ranging in size
from single exon deletions to CNVs several megabases in size, including duplications as well as
homozygous deletions. Blood from the 10 individuals was analyzed on three different platforms; a
high resolution Array, an ultra-high resolution targeted Exome Array and Exome sequencing.
Results
Exome sequencing performed equally well in comparison to techniques currently used in
diagnostics. The majority (11/12) of the clinically relevant CNVs were detected. Also, several
additional CNVs were identified by each platform. On average 5 additional CNVs were identified in
each Exome sequencing sample, 10 additional CNVs in the high resolution Array and 198 with the
Exome Array. CNVs from Exome sequencing constitute mostly of rare (85%) coding (91%) events,
thereby reducing the number of events requiring interpretation.
Conclusion
We conclude that it is possible to detect clinically relevant CNVs using Exome sequencing thereby
broaden the spectrum of genetic variation that can be screened for with a single diagnostic test.
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Paving the way for preventive genomics - The clinical validity of secondary use of genomic
information
Raf Winand 1,2, Kristien Hens 3, Yves Moreau 1,2, Jan Aerts 1,2
1) KU Leuven, Department of Electrical Engineering – ESAT, SCD-SISTA, Belgium
2) iMinds Future Health Department, Belgium; [3]Maastricht University, Health, Ethics & Society,
The Netherlands
E-mail: raf.winand@esat.kuleuven.be
Background
The last decade has seen a tremendous evolution in the field of clinical genetics. Whole genome
sequencing (WGS) comes with the unprecedented opportunity to obtain secondary information not
related to the original clinical question. In order for this information to prove useful, assessing the
clinical validity is crucial.
Methods
We tested genomes from the 1000 Genomes Project and publicly available genomes from Complete
Genomics. In these genomes we looked for mutations predicted to be damaging by SIFT and/or
PolyPhen.
Results
We found that depending on the dataset, 99.1-100% of healthy individuals had mutations in genes
associated with autosomal dominant disease or were homozygous for mutations associated with
recessive disease. In addition 43.5-44.9% of individuals were homozygous for mutations annotated as
disease causing for recessive diseases and all had mutations for dominant diseases. Further analysis
showed that many of these genes have multiple transcripts and the most common mutations fall
outside some of these transcripts.
Conclusions
These results show that interpreting WGS data outside of the original clinical question can be very
difficult and necessitates development of rigorous gene and variant filtering to only retain
mutations that have an effect on the phenotype.
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AMY-tree: a tool to use whole genome SNP calling for Y chromosomal phylogenetic applications
Van Geystelen A. 1,2,*, Decorte R. 1,3, Larmuseau M.H.D. 1,3,4,*
1) UZ Leuven, Laboratory of Forensic Genetics and Molecular Archaeology, Leuven, Belgium
2) KU Leuven, Department of Biology, Laboratory of Socioecology and Social Evolution, Leuven,
Belgium
3) KU Leuven, Department of Imaging & Pathology, Forensic Medicine, Leuven, Belgium
4) KU Leuven, Department of Biology, Laboratory of Biodiversity and Evolutionary Genomics,
Leuven, Belgium
* Both authors contributed equally to this study
E-mail: anneleen.vangeystelen@bio.kuleuven.be
Y chromosomal researchers are aiming to optimize the phylogenetic Y chromosomal tree and to find
new genetic lineages. The rapid progress of next generation sequencing facilities and the resulting
explosion of human whole genome sequencing data can accelerate their research. However, no
software is yet available to help the Y chromosomal research community with the data analysis.
We present a new bioinformatics tool, AMY-tree, which is able to determine the phylogenetical
position (or haplogroup) of a sample using called SNPs. Moreover, AMY-tree indicates ambiguities
within the current Y chromosomal tree and it also points out new Y-SNPs which may be
phylogenetically relevant in the future. AMY-tree makes use of a specific algorithm to determine
the haplogroup of Y chromosomes taking mistakes in the SNP calling and/or the phylogenetic tree
into account.
The AMY-tree software is tested on 667 whole genome samples with different origins. Even for
samples with low sequencing coverage, AMY-tree determines the correct haplogroup although
probably not on the right phylogenetic level. Several recurrent mutations and wrongly reported
mutation conversions were indicated by AMY-tree.
AMY-tree is a publically available and successfully validated tool which helps researchers in
determining the haplogroup of Y chromosomes and optimizing the Y chromosomal phylogenetic tree
based on whole genome data.
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Integrating gene expression with protein interactions for drug target prioritization
Griet Laenen 1,2, Lieven Thorrez 1,3,4, Daniela Börnigen 5, Yves Moreau 1,2
1) KU Leuven, Department of Electrical Engineering - ESAT, SCD-SISTA, Leuven, Belgium
2) iMinds Future Health Department, Leuven, Belgium
3) KU Leuven, Department of Development and Regeneration, Lab of Translational Cardiomyology,
Leuven, Belgium
4) KU Leuven Kulak, Subfaculty of Medicine, Kortrijk, Belgium
5) Harvard University, Harvard School of Public Health, Biostatistics Department, Boston, MA, USA
E-mail: griet.laenen@esat.kuleuven.be
Many drugs achieve their effects by modulating multiple targets. These targets are, however, often
unknown and difficult to find among the thousands of gene products. Yet this knowledge could be of
substantial value to future drug development, in particular for side effect prediction and drug
repositioning.
We propose a computational method tackling this target identification problem by the analysis of
gene expression following drug treatment in the context of a functional protein association
network. More specifically, genes are prioritized as potential targets based on the transcriptional
response of functionally related genes. To this end, differential expression signals are diffused over
the network either using a kernel-based random walk or on the basis of connectivity correlations
between nodes.
Both diffusion strategies were evaluated on 235 publicly available gene expression datasets for
treatment with bioactive molecules having a known target. With AUC values of 91% and 92%
respectively, the best results were obtained by a single-step symmetric normalized Laplacian kernel
diffusion of moderated t-statistics and by a correlation-based diffusion of log2 ratios.
The obtained AUC values indicate the predictive power of integrating experimental gene expression
data with prior knowledge on protein interactions to identify the targets of a drug.
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An integrative bio-informatics approach for analyzing arsenic exposure on DNA methylation and
gene expression
Daniel H.J. Theunissen, Simone G.J. van Breda, Sandra M.H. Claessen, Marcel van Herwijnen, Karen
J.J. Brauers, Danyel Jennen, Stan Gaj, Joost H.M. van Delft, Theo M.C.M. de Kok, Jos C.S.
Kleinjans
Department of Toxicogenomics, Maastricht University, P.O. Box 616, 6200 MD, Maastricht, The
Netherlands
E-mail: d.theunissen@maastrichtuniversity.nl
Background
The role of the epigenome in chemical carcinogenesis has gained broad scientific interest during the
last decade. Various compounds have been considered as epigenetic carcinogens: they cause an
increased incidence of tumors through a mechanism of action which is believed to take place at the
level of epigenomics.
Methods
We investigated the dose- and time-dependent effect of arsenic on DNA methylation changes in
A549 human lung adenoma cells using NimbleGen 2.1 deluxe promoter arrays. Detection of
differential methylation was performed using the Probe Sliding Window-ANOVA algorithm (PSWANOVA (Roche NimbleGen)). Whole genome transcriptomic analyses were performed using
Affymetrix whole genome gene expression. Detection of differential expression was performed using
the bioconductor R packages.
Results
Integration of the differentially methylated geneset and differentially expressed geneset was
accomplished by making use of the TRANSFAC® database. We link these sets by making use of the
transcription factor-target relationships stored within the TRANSFAC® database. The results were
than visualized in Cytoscape.
Conclusions
Using an integrative bio-informatics approach, we can show that arsenic is able to induce DNA
methylation changes in a dose- and time-dependent matter, which will lead to changes in gene
expression.
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Orchesella cincta and comparative genomics of stress defense systems
A. Faddeeva 1, D. Sie 2, K. Kraaijveld 3, J. Mariën 1, H. Op den Camp 4, E. Datema 5, N. van
Straalen 1, D. Roelofs 1
1) VrijeUniversiteit Amsterdam, Institute of Ecological Science, Department of Animal Ecology, De
Boelelaan 1085, 1081 HV Amsterdam, the Netherlands
2) VU University Medical Center, De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands
3) LUMC, Leiden Genome and Technology Center, Einthovenweg 20, 2333ZC, Leiden, The
Netherlands
4) Radboud Universiteit, Comeniuslaan 4, 6525 HP, Nijmegen, The Netherlands
5) Keygene NV, Agro Business Park 9, 6708PW, Wageningen, The Netherlands
E-mail: avakhrusheva@gmail.com
Organisms can tolerate to a certain contamination of the ecological niche they inhabit by stress
response, which involve induction of stress combating proteins.
Some of these proteins have very long evolutionary history while others are specific to the
phylogenetic lineage or even the organism.
In Animal Ecology Department at the Vrije University Amsterdam we develop classifiers based on
the Folsomia candida (F.candida) and Orchesella cincta (O.cincta) gene expression for
ecotoxicological testing on specific soil polluters. F.candida was chosen as a model organism for soil
quality control and O.cincta as a model organism for studying long term pollution of the soil.
In this project we will analyse the F. candida and O.cincta genome and compare them to other
arthropods to reveal signatures of evolution of stress-responses and explain the phenotypic
plasticity of these organisms in response to contamination.
Combination of Illumina and 454 next-generation sequencing (NGS) technologies will be
implemented to obtain complete genome and transcriptome of F.candida and O.cincta. In this
context we collaborate with Leiden Genome Technology Center (Prof. Dr. J. den Dunnen).
During the project we are going to assemble the complete genome and transcriptome of F.candida
and O. cincta by using several available assembly platforms (CLC¬¬¬, SOAPdenovo). Subsequently,
gene annotation and phylogenetic analysis will allow us to further characterize the genome content.
We hypothesize, that occupation of different niches influenced the evolution of stress defence
systems. Not only evolution of genes families will be investigated, but also cis-regulatory motives
among stress-response gene networks will be analyzed to study plasticity of stress response
pathways.
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7. Abstracts contributed lectures, December 11
Improved protein function prediction across the plant kingdom
Joachim W. Bargsten 1,3,4, Edouard I. Severing 2, Jan-Peter Nap 1, Gabino F. Sanchez-Perez 1, Aalt
D. J. van Dijk 1
1) Applied Bioinformatics, Bioscience, Wageningen University and Research Centre , Wageningen,
The Netherlands.
2) Laboratory of Bioinformatics, Wageningen University and Research Centre, Wageningen, The
Netherlands.
3) Netherlands Bioinformatics Centre (NBIC), Nijmegen, The Netherlands
4) Laboratory for Plant Breeding, Plant Sciences Group, Wageningen University, The Netherlands
E-mail: joachim.bargsten@wur.nl
The amount of plant genomic data is growing rapidly, yet functional annotation is sparse and
existing annotations differ in methodology. We developed a novel method for predicting protein
function with respect to the biological process by combining two complementary methods, Argot2
and BMRF. Argot2 incorporates sequence data, whereas BMRF uses a network-based probabilistic
model. Networks can be derived from protein-protein interactions or co-expression data based on
microarray or RNA-seq studies. Both methods displayed good performance in the recent communitywide Critical Assessment of Function Annotations (CAFA). To assess the performance of the
combined approach, experimentally verified annotations of rice and Arabidopsis were used as
benchmark set. The combined approach shows improved performance compared to each method
separately. To address the need of consistent and comparable functional annotations, we will
present prediction results for Arabidopsis and selected crop plants, including rice (Oryza sativa),
soybean (Glycine max), tomato, potato and Medicago truncatula that will also become accessible
online.
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Improved timing indicates species-specific origin of small duplicated blocks in Phytophthora
genomes
Jolien J.E. van Hooff 1, Berend Snel 1, Michael F. Seidl 1,2
1) Theoretical Biology and Bioinformatics, Department of Biology, Utrecht University, Utrecht, The
Netherlands
2) Centre for BioSystems Genomics, Wageningen, The Netherlands
E-mail: j.j.e.vanhooff@students.uu.nl
The genus Phytophthora belongs to the clade of oomycetes and contains plant pathogens causing,
among others, potato late blight. The genomes of these species are relatively large, transposonrich, and contain many duplicated blocks consisting of 2 to 3 consecutive genes, which have been
suggested to result from a whole-genome duplication in the last common ancestor of the genus
Phytophthora.
We revisited this observation by introducing genomes of additional oomycetes, improved transposon
filtering and phylogenomic analysis. Many of the duplicated blocks have single-copy homologs in
other Phytophthora genomes and in more distantly related oomycetes. Phylogenetic trees,
constructed for each of the genes residing in the duplicated blocks, demonstrate that the majority
of the duplicated blocks arose after speciation of the extant Phytophthora species. In contrast,
initial Ks- timing of paralogous gene pairs had suggested that the duplicated blocks arose before
speciation. However, after removal of transposable elements, the block paralogs age distribution
displays a Ks- peak after speciation.
These three observations seem inconsistent with a whole-genome duplication in the last common
ancestor of Phytophthora species as an explanation for the small duplicated blocks. Instead, our
results suggest that they were caused by species-specific segmental duplications.
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Confounder variables in metagenomics: importance and solutions
Falk Hildebrand 1,2, Anh Thi Loan Nguyen 1,2,3,4, Brigitta Brinkman 5,6, Roberto Garcia Yunta 1,2,
Peter Vandenabeele 5,6, Adrian Liston 3,4 and Jeroen Raes 1,2
1) Department of Structural Biology, VIB, Brussels, Belgium
2) Department of Bioscience Engineering, VrijeUniversiteit Brussel, Brussels, Belgium
3) Autoimmune Genetics Laboratory, VIB, Leuven, Belgium
4) Katholieke Universiteit Leuven, Leuven, Belgium
5) Department for Molecular Biomedical Research, VIB, Ghent, Belgium
6) Department for Molecular Biomedical Research, GhentUniversity, Ghent, Belgium
E-mail: falk.hildebrand@gmail.com
Background
Confounder effects in murine gut microbiome models have had limited attention so far. Genetic
backgrounds, inter-individual variation and environmental effects are complicated to include in
statistical analyses and therefore often ignored.
Methods
Here, we investigate the variability of the healthy mouse microbiota in five common lab mouse
strains using 16S rDNA pyrosequencing. Results are analyzed with univariate statistics and numerical
ecology methods, thus taking confounders into account.
Results
We find initial evidence for richness-driven, strain-independent murine enterotypes that show a
striking resemblance to those in human. After enterotype stratification, we find that genotype,
caging and inter-individual variation contribute on average 19%, 32% and 46%, respectively, to the
variance in the murine gut microbiota composition. Genetic distance correlates positively to
microbiota distance, so that genetically similar strains have more similar microbiota. However,
specific environments can be linked to the presence of specific OTUs.
Conclusion
This study provides evidence that the two researched confounders can have a strong impact on
study results. Therefore we suggest to control for these either in the study design or using statistical
methods as described here. The detection of enterotypes in mice suggests a common ecological
driver of differences among gut microbiota composition in mammals.
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Birth of new spliceosomal introns in fungi by multiplication of introner-like elements
van der Burgt A, Severing E, de Wit PJ, Collemare J.
Laboratory of Phytopathology, Wageningen University, 6708PB Wageningen, The Netherlands.
E-mail: ate.vanderburgt@wur.nl
Spliceosomal introns are noncoding sequences that separate exons in eukaryotic genes and are
removed from pre-messenger RNAs by the splicing machinery. Their origin has remained a mystery
in biology since their discovery because intron gains seem to be infrequent in many eukaryotic
lineages. Although a few recent intron gains have been reported, none of the proposed gain
mechanisms can convincingly explain the high number of introns in present-day eukaryotic genomes.
Here we report on particular spliceosomal introns that share high sequence similarity and are
reminiscent of introner elements. These elements multiplied in unrelated genes of six fungal
genomes and account for the vast majority of intron gains in these fungal species. Such introner-like
elements (ILEs) contain all typical characteristics of regular spliceosomal introns (RSIs) but are
longer and predicted to harbor more stable secondary structures. However, dating of multiplication
events showed that they degenerate in sequence and length within 100,000 years to eventually
become indistinguishable from RSIs. We suggest that ILEs not only account for intron gains in six
fungi but also in ancestral eukaryotes to give rise to most RSIs by a yet unknown multiplication
mechanism.
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Integrated analysis of microRNA and mRNA expression: adding biological significance to
microRNA target predictions
M. van Iterson 1, S. Bervoets 1, E.J. de Meijer 1,2, H.P. Buermans 1,2, P.A.C. ’t Hoen 1,5, R.X.
Menezes 3,5, J.M. Boer 1,4,5
1) LUMC, Center for Human and Clinical Genetics, Einthovenweg 20, 2300 ZC Leiden, The
Netherlands.
2) LUMC, Leiden Genome Technology Center, Einthovenweg 20, 2300 ZC Leiden, The Netherlands.
3) VU University Medical Center, Department of Epidemiology and Biostatistics, De Boelelaan 1118,
1081 HZ Amsterdam, The Netherlands.
4) Erasmus MC, Sophia Children's Hospital, Laboratory of Pediatric Oncology/Hematology, Dr.
Molewaterplein 50, 3015 GE Rotterdam, The Netherlands.
5) Netherlands Bioinformatics Centre, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands.
E-mail: m.van_iterson.hg@lumc.nl
Current microRNA target predictions are mostly based on sequence information and empirically
derived rules but do not make optimal use of the expression of microRNAs and their targets. The
aim of this study was to improve microRNA target predictions in a given biological context, using
sequence information, miRNA and mRNA expression data.
For this, we used multiple target prediction programs to produce lists of predicted mRNA targets
and employed a gene set test designed to detect consistent effects of microRNAs on the expression
of multiple predicted targets. In a single test, the association between miRNA expression and the
target gene set expression is determined as well as the contribution of the individual target genes
on the association. Prioritization comes from the strongest, negatively associated mRNAs as
measured by the test.
We applied our integration method to data from a well-defined muscle differentiation model in
mouse C2C12 cells. Validation of our predictions, by luciferase assays in C2C12 cells, confirmed
predicted targets of known as well as novel muscle-related microRNAs. We conclude that our
integrated approach of in silico target predictions with microRNA and mRNA expression profiles
successfully identifies known and unknown microRNA targets.
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Predicting missing expression values in gene regulatory networks using a discrete logic modeling
optimization guided by network stable states
Isaac Crespo 1, Abhimanyu Krishna 1, Antony Le Béchec 2, Antonio del Sol 1
1) Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, L-4362 EschBelval, Luxembourg
2) Life Sciences Research unit (LSRU), University of Luxembourg, L-1511 Luxembourg, Luxembourg
E-mail: isaac.crespo@uni.lu
The development of new high-throughput technologies enables us to measure genome-wide
transcription levels, protein abundance, metabolite concentration, etc. Nevertheless, these
experimental data are often noisy and incomplete, which hinders data analysis, modeling and
prediction. Here, we propose a method to predict expression values of genes involved in stable
cellular phenotypes from the expression values of the remaining genes in a literature-based gene
regulatory network. The consistency between predicted and known stable states from experimental
data is used to guide an iterative network pruning that contextualizes the network to the biological
conditions under which the expression data was obtained. Using the contextualized network and the
property of network stability we predict gene expression values missing from experimental data.
The prediction method assumes a Boolean model to compute steady states of networks and an
evolutionary algorithm to iteratively prune the networks. The evolutionary algorithm samples the
probability distribution of positive feedback loops or positive circuits and individual interactions
within the subpopulation of the best-pruned networks at each iteration. The resulting expression
inference is based not only on previous knowledge about local connectivity but also on a global
network property (stability), providing robustness in the predictions.
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Analysis of exomes for diagnostics with SNIFER
Erika Souche 1, Luc Dehaspe 2, Anniek Corveleyn 3, Valérie Race 3, Gert Matthijs 3
1)Laboratory for Molecular Diagnosis, Center for human genetics, O&N I Herestraat 49 bus 602,
3000 Leuven
2) Genomics core, Center for human genetics, Herestraat 49 bus 602, 3000 Leuven
3) Laboratory for Molecular Diagnosis, Center for human genetics, O&N I Herestraat 49 bus 602,
3000 Leuven
E-mail: erika.souche@uzleuven.be
Background
The molecular diagnostics of heterogeneous genetic diseases generally involves the sequencing of a
gene panel and the search for one (for dominant and X-linked) or two (for recessive diseases)
pathogenic mutations in exonic regions. Depending on the size of the gene panel, sequencing the
whole exome with Next Generation Sequencing technologies is more attractive and cost-effective
than Sanger sequencing. However, exome analysis in a diagnostic setting should not be limited to
the generation of a list of variants. Instead, a detailed report specifying which regions were
successfully sequenced, and which were of poor quality/coverage or even missing should be
provided to the clinician. It is indeed primordial to distinguish the non-detection of a mutation
because of lack of coverage from the absence of a mutation.
Methods
We present a pipeline for the analysis of exomes given a gene panel. The sequence alignment file is
processed by the tool SNIFER, written in C.
Results and Conclusions
For each exonic position, a genotype is made and a likelihood score provided. A graph is generated
for each transcript, allowing a fast assessment of the gene panel genotyping quality. The data is
further translated into a diagnostic sensitivity of the analysis.
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Protein-protein interfaces : prediction of the impact of mutations on binding affinity.
Yves Dehouck, Dimitri Gilis, Marianne Rooman
Genomic and Structural Bioinformatics, Université Libre de Bruxelles
E-mail: ydehouck@ulb.ac.be
Background
The ability of proteins to establish highly selective interactions with a variety of (macro)molecular
partners is a major prerequisite to the realization of their biological functions.
Methods
We present a method to predict the changes in protein-protein binding affinity resulting from
mutations. Our approach is based on a coarse-grained representation of protein structures, which
allows to quickly process large numbers of mutations. The impact of each mutation on the strength
of the interactions at the interface, as well as on the stability of the two protein partners, is
evaluated with a set of statistical potentials.
Results
The performances of our method were assessed on a dataset of experimentally characterized
mutations. In addition, our approach was selected amongst the top performers during the last round
of the CAPRI (Critical Assessment of PRediction of Interactions) competition, which was focused on
the optimization of the sequence of designed Influenza inhibitors.
Conclusions
The availability of a fast and accurate computational method to evaluate the impact of mutations
on protein-protein binding is extremely valuable. Indeed, the ability to rationally alter or design
interactions between proteins is of major importance in a wide range of industrial and biomedical
applications.
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Analysis of multiple SNV contextualized by protein structure and sequence conservation.
Wiktor Jurkowski
University of Luxembourg
E-mail: wiktor.jurkowski@uni.lu
Functional analysis of SNV applied to case control classification in some cases proves useful in
explaining causality in disease.
In other, the same variants, even otherwise regarded as causal, may be seen in both groups
suggesting complex epistatic mechanisms.
Multiple modifier variants need to be accounted simultaneously increasing enormously cost of
search and make interpretation of results difficult.
In order to decrease this complexity, we apply disease contextualization of SNV by applying protein
structure based analysis.
SNV mapping on protein structure has been traditionally regarded as most insightful technique in
understanding actual molecular malfunction and resulting pathology. Despite of many limitations (a
priori disregards variants from non-coding regions or underestimates effects on less studied
proteins) structural features derived from experimental data or predicted has been used
successfully in prediction of functional effects of SNV. Analysis of protein - protein contacts can be
also valuable source of additional, supporting information in network-based approach combining
multiple genetic variants.
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Accurate prediction of peptide-induced dynamical changes within the second PDZ domain of
PTP1e*
Elisa Cilia 1, Geerten W. Vuister 2, Tom Lenaerts 1,3
1) MLG, Départment d’Informatique, Université Libre de Bruxelles, Boulevard du Triomphe CP212,
1050 Brussels, Belgium
2) Department of Biochemistry, University of Leicester, Henry Wellcome Building, Lancaster Road,
Leicester LE1 9HN, United Kingdom
3) AI-lab, Vakgroep Computerwetenschappen, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels,
Belgium
E-mail: ecilia@ulb.ac.be
Background
Experimental NMR relaxation studies have shown that peptide binding induces dynamical changes at
the side-chain level throughout the second PDZ domain of PTP1e, identifying as such the collection
of residues involved in long-range communication. Even though different computational approaches
have identified subsets of residues that were qualitatively comparable, no quantitative analysis of
the accuracy of these predictions was thus far determined.
Methods
We use an information theoretical approach to quantify the coupling among residue side-chain
movements and we look at the most relevant changes in coupling upon the peptide-binding event.
Results
We show that our method gives quantitatively better results with respect to the experimental data
than some of the earlier methods. Moreover, we provide a global network perspective on the effect
experienced by the different residues involved in the process. We show furthermore that these
predictions are consistent within both the human and mouse variants of this domain.
Conclusions
Together, these results improve the understanding of intra-protein communication and allostery in
PDZ domains, underlining at the same time the necessity of producing similar data sets for further
validation of this kind of methods.
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Fusing Kernels using Geometric Mean of Kernel Matrices
Pooya Zakeri 1, 2, Yves Moreau 1, 2
1) KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA, Leuven, Belgium
2) iMinds Future Health Department, Leuven, Belgium
E-mail: pooya.zakeri@esat.kuleuven.be
Kernel methods are being more interesting object when we want to integrate heterogeneous
biological data. Various methods have been proposed to fuse multiple kernels instead of using a
single one. Most techniques for multiple kernel learning (MKL) focus on learning convex linear
combination of kernels. In addition to limitation of linear combination, going with such approaches
could cause losing potentially useful data information.
We propose a new technique that combines kernels in taking Geometric mean instead of convex
linear combination. Under the assumption of independence for the various data sources,
information from multiple probabilistic biological networks could be combined by the Noisy-Or
model. We show that geometric mean of positive definite kernels could be considered as the
equivalent of the Noisy-Or model for them.
We evaluate our method for classification on protein fold recognition data set composed of 12
different representative models of protein samples. In order to compare and test the performance
of our proposed approach and other MKL algorithms, we implemented ten MLK algorithms. The
overall accuracy on the protein fold recognition test set obtained by our method is about 75%.
This result indicates that our proposed approach is comparable to the results of best existing
approach.
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Plasticity models for Cytochrome P450 metabolite prediction: an integrative approach
D.P. Geerke 1, L. Peric-Hassler 1, R. Pool 1, N. Bon 1, D. Truan 1, C.R. Vosmeer 1, C. Oostenbrink
2, A.K. Malde 3, A.E. Mark 3, M. el-Kebir 4, S. Canzar 4, G.W. Klau 4
1) Division of Molecular and Computational Toxicology, VU University Amsterdam, the Netherlands
2) Institute of Molecular Modeling and Simulation, BOKU University, Vienna, Austria
3) Molecular Dynamics Group, University of Queensland, Brisbane, Australia
4)Algorithmic computational biology, CWI Life Sciences, Amsterdam, the Netherlands
E-mail: d.p.geerke@vu.nl
Background
Drug metabolism plays a major role in possible toxicity of drugs. Therefore it is highly important to
be able to predict into which metabolites drugs are converted. Cytochrome P450s (CYPs) metabolize
75% of the marketed drugs. However, predicting CYP metabolite formation is difficult because of
the large protein flexibility (plasticity) of CYPs.
Methods
Our efforts will be presented to combine molecular dynamics simulation techniques (MD), virtualscreening methods and graph-theory approaches, in order to develop an accurate, industrially
attractive method for CYP metabolite prediction that efficiently includes plasticity effects.
Results
By carefully selecting protein conformations from MD, binary trees have been constructed for two of
the most flexible CYPs, to improve virtual screening-based metabolite prediction towards
industrially relevant accuracy. Subsequently, we could show that use of the selected protein
conformations is necessary to efficiently and accurately predict CYP selectivity. An important step
in making selectivity prediction applicable in industry is automated generation of topologies for use
in MD. By using graph theory, the issue of charge-group partitioning could be solved.
Conclusion
By combining our MD, virtual screening and graph-theory approaches, an integrative method for
efficient CYP metabolite prediction has come within reach, which will now be extended towards
other CYPs.
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8. Abstract Poster Commercials – December 10
Dynamic Time Warping for Omics
Rachel Cavill, Jos Kleinjans, Jacco Briedé
Department of Toxicogenomics, Maastricht University
E-mail: rachel.cavill@maastrichtuniversity.nl
Background
When analysing timecourse data at the interface between omics measurements and other
phenotypic endpoints, the similarity between timecourses can often be obscured by the different
speeds of responses between these different biological levels.
Methods
Dynamic time warping (DTW) is an existing technique for finding the optimal matches beween
timecourses. It allows matches where one timecourse is given a delay, or proceeds at a different
speed. We present our tool, DTW4Omics, written in R which allows the probability of obtaining
these optimal matches to be estimated, and therefore a list of significantly associated genes to be
obtained for each phenotypic endpoint. DTW4Omics is also designed for visualisation of the optimal
matches and their significance.
Results
We tested this tool on a study for oxidative stress in cancer: a toxicogenomics dataset obtained
from human colon Caco-2 cells treated with the oxidants menadione and hydrogen peroxide.
Transcriptomics was performed at 9 timepoints over 24hours and matching data was collected on
cell cycle (G0,G2, S) and a marker for DNA damage, 8-oxo-2-deoxyguanosine levels.
Conclusions
On average 85% of the genes found by DTW4Omics would not be discovered with standard
correlation analysis. Pathway analysis showed that these genes were biologically relevant to oxidant
exposure.

30

A New Quality Measure for Multiple Sequence Alignments
Punto Bawono 1,2, Arjan van der Velde 1, Sanne Abeln 1, Jaap Heringa 1,2
1) The Centre of Integrative Bioinformatics (IBIVU), Vrije Universiteit Amsterdam
2) Netherlands Bioinformatics Centre (NBIC)
E-mail: p.bawono@vu.nl
Multiple sequence alignments (MSA) are pervasive in biology. Therefore it is of paramount
importance to have biologically-accurate alignment. Unfortunately, producing an accurate
alignment is not a trivial matter due to the difficulties in defining the evolutionary relatedness of
the sequences and also the lack of representative gold standards. The most widely used standards
are reference alignments derived from protein structures. The similarity between query and
reference alignment is commonly measured using sum-of-pairs (SP) scores and column (CS) scores.
However these methods do not differentiate between residues that are far off from their expected
positions and residues that are almost on the right positions. So it is possible for a query alignment
that is more similar to the reference to get a similar score as a query alignment that is more
different to the reference. For example in alignments with long internal gaps, such as in Cupredoxin
family. In this study we devised a new scoring method that takes the distance of the residues in an
alignment into account which provides a more biological assessment compared to CS and SP scores.
We will show the general behaviour of the new scoring scheme and also a few biological examples.
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Pheno2geno - Generating genetic markers and maps from gene expression phenotypes
Konrad Zych 1,2, Danny Arends 1, Ritsert C. Jansen 1
1) Groningen Bioinformatics Centre, University of Groningen
2) Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University in Krakow, Poland
E-mail: k.zych@rug.nl
Background
QTL mapping links genetic variation to phenotypic variation between individuals. It requires
polymorphic genetic markers positioned on a genetic map. The map can be saturated (or even
created de-novo) by markers derived from large gene expression datasets. We developed the
pheno2geno package that is able to handle large data and large computation burden.
Methods
Suitable phenotypes, showing clear differential expression in the founders, are selected by
pheno2geno. Then, mixture modeling is used to select phenotypes that show mendelian segregation
ratios and can be transformed into genetic markers for use in a map construction or saturation as
well as for genotype error control.
Results
As a showcase we demonstrate our method on 180 individuals from A. thaliana inbred population.
Pheno2geno is able to saturate the genetic map to the theoretical limit of resolution: we trace all
the informative recombinations in the population. A de novo map was also created with a quality
comparable to original map.
Conclusions
Pheno2geno offers: de-novo map construction, saturation of existing maps and detection of
genotype errors. The package shows high performance, can handle large volumes of molecular trait
data and enables improving QTL mapping results at no laboratory cost.
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Annotate-it: a Swiss-knife approach to annotation, analysis and interpretation of single
nucleotide variation in human disease
Alejandro Sifrim 1,2, Jeroen K. J. Van Houdt 3, Leon-Charles Tranchevent 1,2, Beata Nowakowska
3, Ryo Sakai 1,2, Georgios A. Pavlopoulos 1,2, Koen Devriendt 3, Joris R. Vermeesch 3, Yves Moreau
1,2, Jan Aerts 1,2
1) KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA, Belgium
2) IBBT Future Health Department, Belgium
3) KU Leuven, Centre for Human Genetics, University Hospital Gasthuisberg, Belgium
E-mail: alejandro.sifrim@esat.kuleuven.be
The increasing size and complexity of exome/genome sequencing data requires new tools for
clinical geneticists to discover disease-causing variants. Bottlenecks towards identifying the
causative variation include poor cross-sample querying, constantly changing functional annotation
and not considering existing knowledge concerning the phenotype. We describe a methodology that
facilitates exploration of patient sequencing data towards identification of causal variants under
different genetic hypotheses. Annotate-it facilitates handling, analysis and interpretation of highthroughput single nucleotide variant data. We demonstrate our strategy using three case studies.
Annotate-it is freely available and test data is accessible to all users at www.annotate-it.org.
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Pipit: visualising structural variations
Ryo Sakai 1,2, Matthieu Moisse 3,4, Joke Reumers 5, Jan Aerts 1,2
1) KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA
2) iMinds Future Health Department
3)Vesalius Research Center, VIB, Leuven, Belgium
4) Vesalius Research Center, KU Leuven, Leuven, Belgium
5) Janssen Infectious Diseases - Diagnostics, Janssen Pharmaceuticals,Beerse, Belgium
E-mail: ryo.sakai@esat.kuleuven.be
Effective visualisation of structural and copy-number variation is essential to gain insight into
functional impacts of these variations on human health and disease. However, the complexity of
these structural rearrangement, varying sizes, types, and orientations, poses a new visualization
challenge, especially with the traditional layouts based on genome coordinate systems. Often these
structural variations are depicted in a linear or circular layout, as with a Circos ideogram,
emphasising positions and lengths. However, our observations and iterative design process with
domain experts have shown the limitation of using a genome coordinate system to elucidate the
functional impacts of these structural variations.
We introduce a gene-centric visual to draw emphasis on biologically relevant features. This
visualisation paradigm takes a gene as a functional unit and examines how genes are affected and
oriented to each other. This encoding allows visual detection for fusion genes for further
investigation and validation. Another advantage is that the visual encoding is not constrained or
biased by variation sizes. We believe that this visual encoding should complement the traditional
views based genomic distances to allow in-depth analysis and exploration of structural variation
data.
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Anoikis Resistance in Breast Cancer
Gökhan Ertaylan 1, Anne Grosse-Wilde 2, Adrian Ozinsky 2, Antonio Del Sol 1
1) Luxembourg Center for Systems Biomedicine, Luxembourg
2) Institute for Systems Biology, Seattle, USA
E-mail: Gokhan.ertaylan@uni.lu
Cancer invasion and metastasis involves a group of co-ordinated cellular processes, namely
dissociation of the cancerous cells from the original tissue, extracellular matrix (ECM) degradation,
cellular migration, anchorage- independent growth, evasion of apoptosis, angiogenesis, invasion of
surrounding tissues, cell adhesion, movement and outgrowth at a distant body site.
When non-transformed epithelial cells loose anchorage to the ECM they die in a process of apoptosis
called “anoikis”. This biological phenomenon describes apoptotic cell death following insufficient
cell-matrix interactions. Epithelial and endothelial cells normally undergo apoptosis upon
detachment from the ECM, hence allowing to suppress the expansion of neoplastic cells. The
acquisition of resistance to anoikis by these types of cells facilitates their ability to migrate to
secondary sites. This process has been implicated in the progression of many human cancers by
contributing to an increased cellular survival in the absence of matrix attachment, thus facilitating
metastasis.
In this work we are going to present an in-vitro model of anoikis resistance and the first results from
our microarray studies of ~3900 differentially expressed genes by comparing anoikis resistant to
parental cells. Furthermore, functional enrichment analysis of differentially expressed genes for
biological processes will be presented identifying key processes in developing anoikis-resistance
phenotype.
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Quality Assessment of PacBio RS Data by Reference Mapping
Ireneusz Stolarek 1, Andrzej Czech 1, Jorn de Haan 1, Thomas Chin-A-Woeng 2
1) Genetwister Technologies BV 6700AD Wageningen, The Netherlands.
2) ServiceXS, 2333BZ Leiden, The Netherlands.
E-mail: i.stolarek@genetwister.nl
De novo assembly of plant genomes will definitely benefit from sequencing technologies that
provide increasingly longer reads. Long reads are expected to improve the process of scaffolding
and genome assembly finishing. Here we address the quality control of long sequence read data
obtained from SMRT sequencing on a PacBio RS performed by ServiceXS, using a reference sequence
and several alignment algorithms. Alignment of PacBio sequence reads is a major challenge due to
an inherently high error rate. In this poster different algorithms will be reviewed. Comparison of
Smith-Waterman, Hidden Markov Model and heuristic algorithm in alignment of PacBio reads will be
shown. Performance of several aligners will be evaluated. Uncommon formats might complicate
downstream analysis thus input/output file formats will be compared. Ability to allow gaps and
align partial reads is essential for mapping PacBio reads and will be investigated as well as
maximum sequence length. Sensitivity and specificity of aligners will be the main points to be
compared based on part of uniquely mapped reads. Competence to identify a characteristic error
model and evaluation of error frequencies will be checked.
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Ion Torrent sequencing in environmental microbiology
Daan Speth, Theo van Alen, Harry Harhangi, Huub Op den Camp, Mike Jetten
Ecological microbiology, IWWR, Radboud University Nijmegen
E-mail: d.speth@science.ru.nl
The Ion Torrent PGM is an affordable benchtop sequencer with data output between 0.12 Gb and
1.2 Gb. It is relatively cheap and very fast, taking DNA to data in 3 days. Its speed, read length and
‘moderate’ throughput makes it very useful for microbial genomics, where genomes sizes vary from
~1.5 Mb to ~10 Mb with the majority between 2 Mb and 5 Mb. In environmental microbiology the
‘luxury’ of pure cultures is often not available. However, the output of the PGM is sufficient for
analysis of mixed culture samples, albeit not enough for deep sequencing of environmental
metagenomes.
Here we present a user experience with the Ion Torrent PGM, discussing the workflow, mechanism,
and some results of its application in environmental microbiology with respect to data output and
analysis. We will provide insight in the critical steps of the sequencing process with the PGM and
how these affect the data generated.
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Structural variant detection in colorectal cancer
E. van den Broek 1, J.C. Haan 1, M.H. Jansen 1, B. Carvalho 1, M.A. van de Wiel 2, I.D. Nagtegaal
3, C.J.A. Punt 4, B. Ylstra 1, S. Abeln 5, G.A. Meijer 1, R.J.A. Fijneman 1
1) Dept. of Pathology, VU University Medical Center, Amsterdam
2) Dept. of Epidemiology & Biostatistics, VU University Medical Center, Amsterdam
3) Dept. of Pathology, Radboud University Nijmegen Medical Centre, Nijmegen
4) Dept. of Medical Oncology, Academic Medical Center, University of Amsterdam
5) Dept. of Computer Science, VU University, Amsterdam
E-mail: e.vandenbroek@vumc.nl
Background
Development of colorectal cancer (CRC) is accompanied by genomic alterations that drive
carcinogenesis. DNA copy number alterations could affect mRNA and subsequently protein
expression levels of genes that drive CRC. Alternatively, structural variants (SV) with underlying
chromosome breakpoints may directly disrupt normal gene architecture and function. The aim of
this project is to identify somatically acquired SV that cause colorectal carcinogenesis.
Methods
The prevalence of genes with recurrent breakpoints was determined using 356 CRC samples by
Agilent 180K array-Comparative Genomic Hybridization (CGH) analysis. Candidate genes were
validated in paired-end sequenced data of The Cancer Genome Atlas. Discordant pairs were
identified to recognize large SVs.
Results
CGH analysis revealed approximately 500 genes with recurrent breakpoints (FDR<0.1). A substantial
part of the genes involved are in concordance with published rearranged genes. Discordant pairs
indicating translocations, insertions, inversions, eversions, deletions and corresponding breakpoints
were detected and analyzed.
Conclusions
We were able to pinpoint the prevalence of recurrent breakpoint regions using CGH data. The TCGA
provided an essential reference dataset to validate these candidates. Further studies are required
to investigate their clinical and functional significance.
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Functional Annotation of Enzymes using Active Cleft Similarity and Ranking Methods
Michiel Stock 1, Thomas Fober 2, Eyke Hüllermeier 2, Serghei Glinca 3, Gerhard Klebe 3, Tapio
Pahikkala 4, Antti Airola 4, Bernard De Baets 1, Willem Waegeman 1
1) Ghent University, Department of Mathematical Modelling, Statistics and Bioinformatics, Coupure
links 653, 9000 Ghent, Belgium
2) Philipps-Universität, Department of Mathematics and Computer Science, Hans-Meerwein-Straße
6, 35032 Marburg, Germany
3) Philipps-Universität, Department of Pharmacy, Marbacher Weg 6-10, 35032 Marburg, Germany
4) Department of Information Technology and the Turku Centre for Computer Science, University
of Turku, Joukahaisenkatu 3-5 B 20520 Turku, Finland
E-mail: michiel.stock@ugent.be
The annotation of proteins remains to date an important problem in bioinformatics. We present a
framework to infer the EC number of enzymes by means of four state-of-the-art similarity measures
that capture the local structure and the physicochemical properties of cavities. Such similarities
allow for exploring the most relevant properties w.r.t. the catalytic mechanism, in contrast to
similarities constructed from the sequence or the global structure. However, they are usually
applied in a direct manner when searching for enzymes with similar functionality. We follow a
different approach, which attempts to predict relationships between enzymes in an indirect
manner, by considering cavity-based similarity measures as input for supervised machine learning
algorithms. To this end, we build a model based on training data, allowing for a more powerful
estimation of the relation between cavity-based descriptions and the function of enzymes. By
adopting kernel-based ranking methods, we created a system that returns for a given query enzyme
a ranking of database enzymes with similar EC functionality, similar to the typical output provided
by existing unsupervised methods. Experimental results confirm the validity of our approach. A
significant difference between the existing unsupervised approach and our method was observed,
while obtaining for the supervised case a performance that almost reached to the theoretical
optimum.
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1
Bio-ACL: An Access Control List security model to identify trusted users and specify access
rights on the biological data.
Amin Ardeshirdavani, Yves Moreau
KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA / iMinds Future Health
Department
E-mail: amin.ardeshirdavani@esat.kuleuven.be
Background
Security of patient data is a major concern in clinical applications. The most prominent facets of
this issue are the specification of access level for each user and its management across multiple
users and projects.
Methods
Bio-ACL is a data structure that provides an integrated system to network administrators to have
complete control over files and user rights. A typical scenario in a healthcare center is that several
groups manage data, each headed by a Principal Investigator (PI). Routinely, PIs authorize access to
the samples to the researchers who work under their supervision. Such a process can easily be
managed using standard file system permissions. However, classical file system permissions will
break down once collaboration between PIs starts. Network administrators define several groups,
allocate different users to different groups and provide them the desired permissions at the
directory level. However, problems over handling of these permissions will gradually emerge. To
avoid such problems, a well-structured database with user-friendly application (Bio-ACL) will assist
the system admins. This application supervises all the permissions in a systematic procedure using
file system Access Control Lists.
Results and Conclusions
In conclusion, Roles and Rules will be defined by Bio-ACL to control all the aspects of file system
security.
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2
Detection of (combinatorial) biomarkers and their sample group dependencies through the
interactive exploration and visualization of random forests.
Lennart Backus 1,2, Jos Boekhorst 1,3, Sacha van Hjium 1,2,3,4
1) Centre for Molecular and Biomolecular Informatics, Radboud University Nijmegen Medical
Centre, P.O. Box 9101, Nijmegen, the Netherlands
2) TI Food and Nutrition, P.O. Box 557, 6700 AN Wageningen, The Netherlands
3) NIZO food research, Kluyver Centre for Genomics of Industrial Fermentation, P.O. Box 20, 6710
BA Ede, The Netherlands
4) Netherlands Bioinformatics Centre, 260 NBIC, P.O. Box 9101, 6500 HB Nijmegen, the Netherlands
E-mail: L.Backus@cmbi.ru.nl
Classification methods are important as they reveal the differences of sample groups based on an
observed phenotype such as diseases or survival conditions. Classification is often performed on
large high-throughput datasets. Within these experiments the goal is to detect biomarkers: a set of
variables (e.g. SNPs or genes) that associate to an observed phenotype. Currently this is mostly
done by means of statistical testing of each variable separately which is time consuming due to
manual interpretation of the collections of significant variables. Often for a given phenotype a
combination or interaction between variables holds the key in understanding its molecular basis. For
example diseases are often caused by multiple mutations. Determining interacting variables
associating to a phenotype is not straight-forward. Linked to interacting variables is the
stratification of samples, for instance a group of patients could all suffer from the same disease due
to different SNP combinations. In effect, this will result in smaller groups of samples that have their
own "biomarker". Stratifying samples prior to determining their biomarkers is currently challenging.
We present a workflow that extends the Random Forest machine learning method to (i) perform
data-driven sample stratification and (ii) detect potential biomarkers in the strata. Its applicability
is demonstrated using an artificial dataset and a published microbial community dataset both
containing stratified classification groups.
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A New Quality Measure for Multiple Sequence Alignments
Punto Bawono 1,2, Arjan van der Velde 1, Sanne Abeln 1, Jaap Heringa 1,2
1) The Centre of Integrative Bioinformatics (IBIVU), Vrije Universiteit Amsterdam
2) Netherlands Bioinformatics Centre (NBIC)
E-mail: p.bawono@vu.nl
Multiple sequence alignments (MSA) are pervasive in biology. Therefore it is of paramount
importance to have biologically-accurate alignment. Unfortunately, producing an accurate
alignment is not a trivial matter due to the difficulties in defining the evolutionary relatedness of
the sequences and also the lack of representative gold standards. The most widely used standards
are reference alignments derived from protein structures. The similarity between query and
reference alignment is commonly measured using sum-of-pairs (SP) scores and column (CS) scores.
However these methods do not differentiate between residues that are far off from their expected
positions and residues that are almost on the right positions. So it is possible for a query alignment
that is more similar to the reference to get a similar score as a query alignment that is more
different to the reference. For example in alignments with long internal gaps, such as in Cupredoxin
family. In this study we devised a new scoring method that takes the distance of the residues in an
alignment into account which provides a more biological assessment compared to CS and SP scores.
We will show the general behaviour of the new scoring scheme and also a few biological examples.
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PhenoLink--a web-tool for linking phenotype to ~omics data for bacteria: application to genetrait matching for Lactobacillus plantarum strains.
Jumamurat R. Bayjanov 1,3, Roland J. Siezen 1-4, Sacha A.F.T. van Hijum 1-4
1) Centre for Molecular and Biomolecular Informatics, Radboud University Nijmegen Medical
Centre, PO Box 9101, Nijmegen, The Netherlands
2) Netherlands Bioinformatics Centre, 260 NBIC, P.O. Box 9101, Nijmegen 6500 HB, The
Netherlands
3) TI Food and Nutrition, P.O. Box 557, Wageningen 6700 AN, The Netherlands
4) Kluyver Centre for Genomics of Industrial Fermentation, NIZO food research, P.O. Box 20, Ede
6710 BA, The Netherlands
E-mail: J.Bayjanov@cmbi.ru.nl
Linking phenotypes to high-throughput molecular biology information generated by ~omics
technologies allows revealing cellular mechanisms underlying an organism's phenotype. ~Omics
datasets are often very large and noisy with many features (e.g., genes, metabolite abundances).
Thus, associating phenotypes to ~omics data requires an approach that is robust to noise and can
handle large and diverse data sets.
We developed a web-tool PhenoLink (http://bamics2.cmbi.ru.nl/websoftware/phenolink/) that
links phenotype to ~omics data sets using well-established as well new techniques. PhenoLink
imputes missing values and preprocesses input data (i) to decrease inherent noise in the data and
(ii) to counterbalance pitfalls of the Random Forest algorithm, on which feature (e.g., gene)
selection is based. Preprocessed data is used in feature (e.g., gene) selection to identify relations
to phenotypes. We applied PhenoLink to identify gene-phenotype relations based on the
presence/absence of 2847 genes in 42 Lactobacillus plantarum strains and phenotypic
measurements of these strains in several experimental conditions, including growth on sugars and
nitrogen-dioxide production. Genes were ranked based on their importance (predictive value) to
correctly predict the phenotype of a given strain. In addition to known gene to phenotype relations
we also found novel relations.
PhenoLink is an easily accessible web-tool to facilitate identifying relations from large and often
noisy phenotype and ~omics datasets. Visualization of links to phenotypes offered in PhenoLink
allows prioritizing links, finding relations between features, finding relations between phenotypes,
and identifying outliers in phenotype data. PhenoLink can be used to uncover phenotype links to a
multitude of ~omics data, e.g., gene presence/absence (determined by e.g.: CGH or nextgeneration sequencing), gene expression (determined by e.g.: microarrays or RNA-seq), or
metabolite abundance (determined by e.g.: GC-MS).
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Structural variant detection in colorectal cancer
E. van den Broek 1, J.C. Haan 1, M.H. Jansen 1, B. Carvalho 1, M.A. van de Wiel 2, I.D. Nagtegaal
3, C.J.A. Punt 4, B. Ylstra 1, S. Abeln 5, G.A. Meijer 1, R.J.A. Fijneman 1
1) Dept. of Pathology, VU University Medical Center, Amsterdam
2) Dept. of Epidemiology & Biostatistics, VU University Medical Center, Amsterdam
3) Dept. of Pathology, Radboud University Nijmegen Medical Centre, Nijmegen
4) Dept. of Medical Oncology, Academic Medical Center, University of Amsterdam
5) Dept. of Computer Science, VU University, Amsterdam
E-mail: e.vandenbroek@vumc.nl
Background
Development of colorectal cancer (CRC) is accompanied by genomic alterations that drive
carcinogenesis. DNA copy number alterations could affect mRNA and subsequently protein
expression levels of genes that drive CRC. Alternatively, structural variants (SV) with underlying
chromosome breakpoints may directly disrupt normal gene architecture and function. The aim of
this project is to identify somatically acquired SV that cause colorectal carcinogenesis.
Methods
The prevalence of genes with recurrent breakpoints was determined using 356 CRC samples by
Agilent 180K array-Comparative Genomic Hybridization (CGH) analysis. Candidate genes were
validated in paired-end sequenced data of The Cancer Genome Atlas. Discordant pairs were
identified to recognize large SVs.
Results
CGH analysis revealed approximately 500 genes with recurrent breakpoints (FDR<0.1). A substantial
part of the genes involved are in concordance with published rearranged genes. Discordant pairs
indicating translocations, insertions, inversions, eversions, deletions and corresponding breakpoints
were detected and analyzed.
Conclusions
We were able to pinpoint the prevalence of recurrent breakpoint regions using CGH data. The TCGA
provided an essential reference dataset to validate these candidates. Further studies are required
to investigate their clinical and functional significance.
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Accurate prediction of peptide-induced dynamical changes within the second PDZ domain of
PTP1e*
Elisa Cilia 1, Geerten W. Vuister 2, Tom Lenaerts 1,3
1) MLG, Départment d’Informatique, Université Libre de Bruxelles, Boulevard du Triomphe CP212,
1050 Brussels, Belgium
2) Department of Biochemistry, University of Leicester, Henry Wellcome Building, Lancaster Road,
Leicester LE1 9HN, United Kingdom
3) AI-lab, Vakgroep Computerwetenschappen, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels,
Belgium
E-mail: ecilia@ulb.ac.be
Background
Experimental NMR relaxation studies have shown that peptide binding induces dynamical changes at
the side-chain level throughout the second PDZ domain of PTP1e, identifying as such the collection
of residues involved in long-range communication. Even though different computational approaches
have identified subsets of residues that were qualitatively comparable, no quantitative analysis of
the accuracy of these predictions was thus far determined.
Methods
We use an information theoretical approach to quantify the coupling among residue side-chain
movements and we look at the most relevant changes in coupling upon the peptide-binding event.
Results
We show that our method gives quantitatively better results with respect to the experimental data
than some of the earlier methods. Moreover, we provide a global network perspective on the effect
experienced by the different residues involved in the process. We show furthermore that these
predictions are consistent within both the human and mouse variants of this domain.
Conclusions
Together, these results improve the understanding of intra-protein communication and allostery in
PDZ domains, underlining at the same time the necessity of producing similar data sets for further
validation of this kind of methods.
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arrayQC-miR: a quality control, normalization and analysis workflow for miRNA microarrays
Stan Gaj 1,2, Maarten L.J. Coonen 1,2, Jos C. Kleinjans 1,2, Joost H. van Delft 1,2
1) Netherlands Toxicogenomics Centre, Maastricht University, PO Box 616, 6200 MD, Maastricht,
The Netherlands
2) Department of Toxicogenomics, Maastricht University, PO Box 616, 6200 MD, Maastricht, The
Netherlands
E-mail: m.coonen@maastrichtuniversity.nl
Background
microRNAs (miRNAs) are a class of 22nt noncoding RNA fragments that play an important role in the
post-transcriptional regulation of gene expression. The expression levels of miRNAs can be measured
by either hybridizing the molecule to their complementary sequence (microarrays) or through direct
sequencing (miRNA-Seq). Here we present arrayQC-miR, an automated pipeline that facilitates the
preprocessing and analysis of miRNA microarrays.
Methods
arrayQC-miR was developed in R and will soon be made available as a webservice. It combines an
extensive quality control (QC) with species-specific reporter selection, normalization, spot
summarization and initial statistical analysis. An optional add-in enables integrative analysis with
data on mRNA or protein level. The pipeline is compatible with data generated on the Exiqon and
Agilent miRNA-platforms.
Results
arrayQC-miR produces several plots to inspect the quality of the microarray runs on the microarray
level, the individual miRNA reporter level and on a biological sample level. Additionally, a list of
differentially expressed miRNAs (user-defined) will be provided for further analysis.
Conclusions
arrayQC-miR is an intuitive and extensive QC- and normalization pipeline that enables
(pre)processing of miRNA expression data.
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Predicting missing expression values in gene regulatory networks using a discrete logic modeling
optimization guided by network stable states
Isaac Crespo 1, Abhimanyu Krishna 1, Antony Le Béchec 2, Antonio del Sol 1
1) Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, L-4362 EschBelval, Luxembourg
2) Life Sciences Research unit (LSRU), University of Luxembourg, L-1511 Luxembourg, Luxembourg
E-mail: isaac.crespo@uni.lu
The development of new high-throughput technologies enables us to measure genome-wide
transcription levels, protein abundance, metabolite concentration, etc. Nevertheless, these
experimental data are often noisy and incomplete, which hinders data analysis, modeling and
prediction. Here, we propose a method to predict expression values of genes involved in stable
cellular phenotypes from the expression values of the remaining genes in a literature-based gene
regulatory network. The consistency between predicted and known stable states from experimental
data is used to guide an iterative network pruning that contextualizes the network to the biological
conditions under which the expression data was obtained. Using the contextualized network and the
property of network stability we predict gene expression values missing from experimental data.
The prediction method assumes a Boolean model to compute steady states of networks and an
evolutionary algorithm to iteratively prune the networks. The evolutionary algorithm samples the
probability distribution of positive feedback loops or positive circuits and individual interactions
within the subpopulation of the best-pruned networks at each iteration. The resulting expression
inference is based not only on previous knowledge about local connectivity but also on a global
network property (stability), providing robustness in the predictions.

47

9
Protein-protein interfaces : prediction of the impact of mutations on binding affinity.
Yves Dehouck, Dimitri Gilis, Marianne Rooman
Genomic and Structural Bioinformatics, Université Libre de Bruxelles
E-mail: ydehouck@ulb.ac.be
Background
The ability of proteins to establish highly selective interactions with a variety of (macro)molecular
partners is a major prerequisite to the realization of their biological functions.
Methods
We present a method to predict the changes in protein-protein binding affinity resulting from
mutations. Our approach is based on a coarse-grained representation of protein structures, which
allows to quickly process large numbers of mutations. The impact of each mutation on the strength
of the interactions at the interface, as well as on the stability of the two protein partners, is
evaluated with a set of statistical potentials.
Results
The performances of our method were assessed on a dataset of experimentally characterized
mutations. In addition, our approach was selected amongst the top performers during the last round
of the CAPRI (Critical Assessment of PRediction of Interactions) competition, which was focused on
the optimization of the sequence of designed Influenza inhibitors.
Conclusions
The availability of a fast and accurate computational method to evaluate the impact of mutations
on protein-protein binding is extremely valuable. Indeed, the ability to rationally alter or design
interactions between proteins is of major importance in a wide range of industrial and biomedical
applications.
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Improved mass spectral imaging data segmentation by means of PCA
Yousef El Aalamat 1,4, Raf Van de Plas 2, Nico Verbeeck 1,4, Bart De Moor 1,4, Etienne Waelkens
3,4
1) KU Leuven, ESAT-SCD/ IBBT Future Health Dept., B-3001 Leuven, Belgium.
2) Vanderbilt University School of Medicine, Dept. of Biochemistry, Mass Spectrometry Research
Center, Nashville, TN 37232, USA.
3) KU Leuven, Department of Cellular and Molecular Medicine, Herestraat 49-bus 901, B-3000
Leuven, Belgium.
4) KU Leuven, SyBioMa, Interfaculty Centre for Proteomics and Metabolomics, Herestraat 49, B3000 Leuven, Belgium.
E-mail: yousef.elaalamat@esat.kuleuven.be
Background
Mass Spectral Imaging is rising as a powerful molecular imaging technique, resulting in a high
dimensional dataset. Therefore, dimensionality reduction has become a common pre-processing
need to enable through analysis. PCA is widely used for this task, where only the most prominent
principal components (PC) are retrieved. Here we demonstrate how a hierarchical application of
PCA is capable of retrieving patterns that are ignored by standard PCA implementations.
Methods
We describe the workflow of hierarchical application of PCA, where the tissue gets divided into
subsections of similar pixels on which PCA is reapplied. This has the result that less prominent
patterns in the data will be retrieved, where they would be considered noise by a globally applied
PCA. Our objective is to better extract patterns that are only present in a relatively small spatial
area, and that are characterized by ion peaks of only modest peak height in the presence of
substantial ion count noise.
Results and Conclusions
We demonstrate how this approach allows for extracting, less prominent, patterns on low mass
imaging MS data.
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Biomedical text mining for disease gene discovery
Sarah ElShal 1,2, Jesse Davis 3, Yves Moreau 1,2
1) KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA, 3001 Leuven, Belgium
2) iMinds Future Health Department, Leuven, Belgium
3) KU Leuven, Department of Computer Science-DTAI, 3001 Leuven, Belgium
E-mail: sarah.elshal@esat.kuleuven.be
Background
The shear quantity of electronic literature makes it challenging for biologists to search biomedical
corpuses for any kind of desired information beyond simple text retrieval. We are developing an
automated tool that, given a free-text query about a disease or disorder, returns a list of related
genes.
Methods
Our tool is based on text mining. We use the “MetaMap portal” to index all the biomedical abstracts
published in “PubMed” and acquire a corresponding set of “Unified Medical Language System
(UMLS)” terms. Then for each gene recorded in “Entrez Gene”, we generate a keyword profile of
UMLS terms based on the gene-abstract functional annotation provided by “GeneRIF”. Similarly for
each user query, we generate another keyword profile based on the query-abstract annotation
provided by “PubMed”. We decide how strongly a gene is linked to a given query by examining the
fraction of shared keywords between their profiles.
Results and Conclusions
The evaluation is still ongoing. For validation, we use the phenotype-gene annotation provided by
the “Human-Phenotype-Ontology” and compare to general biomedical search systems (e.g., “Gene
Ontology”). We expect our tool to perform better because it performs a deeper analysis in order to
link a gene to a given disease.
I would like to sign up for a poster commercial Yes
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Improving the quality of the tomato genome
Robert Ernst, Sandra Smit
Laboratory of Bioinformatics, Wageningen University and Research Centre, PO Box 569, 6700 AN
Wageningen, Netherlands
E-mail: robert.ernst@wur.nl
Recently the tomato genome has been sequenced and assembled into a “high-quality draft”
sequence. Since tomato is the model species for all Solanaceae and has a central role in exploring
the genetic diversity in the tomato clade, the quality of the sequence needs to be further improved.
As assembly errors tend to cluster, calculating and visualizing local assembly quality for a genomic
sequence will allow users to focus on high-quality regions. Here, we present a bioinformatics
strategy for providing local quality information of an assembly and for calculating high-confidence
assembly solutions. Quality scores are based on the reads of genomic DNA and on the comparison of
alternative assembly solutions. The users of the tomato genome can inspect alternative assembly
solutions for their region of interest and calculate a high-confidence consensus assembly.
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Anoikis Resistance in Breast Cancer
Gökhan Ertaylan 1, Anne Grosse-Wilde 2, Adrian Ozinsky 2, Antonio Del Sol 1
1) Luxembourg Center for Systems Biomedicine, Luxembourg
2) Institute for Systems Biology, Seattle, USA
E-mail: Gokhan.ertaylan@uni.lu
Cancer invasion and metastasis involves a group of co-ordinated cellular processes, namely
dissociation of the cancerous cells from the original tissue, extracellular matrix (ECM) degradation,
cellular migration, anchorage- independent growth, evasion of apoptosis, angiogenesis, invasion of
surrounding tissues, cell adhesion, movement and outgrowth at a distant body site.
When non-transformed epithelial cells loose anchorage to the ECM they die in a process of apoptosis
called “anoikis”. This biological phenomenon describes apoptotic cell death following insufficient
cell-matrix interactions. Epithelial and endothelial cells normally undergo apoptosis upon
detachment from the ECM, hence allowing to suppress the expansion of neoplastic cells. The
acquisition of resistance to anoikis by these types of cells facilitates their ability to migrate to
secondary sites. This process has been implicated in the progression of many human cancers by
contributing to an increased cellular survival in the absence of matrix attachment, thus facilitating
metastasis.
In this work we are going to present an in-vitro model of anoikis resistance and the first results from
our microarray studies of ~3900 differentially expressed genes by comparing anoikis resistant to
parental cells. Furthermore, functional enrichment analysis of differentially expressed genes for
biological processes will be presented identifying key processes in developing anoikis-resistance
phenotype.
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Assembly and annotation of the genomes of Folsomia candida and Orchesella cincta and
comparative genomics of stress defense systems
A. Faddeeva 1, D. Sie 2, K. Kraaijveld 3, J. Mariën 1, H. Op den Camp 4, E. Datema 5, N. van
Straalen 1, D.Roelofs 1
1) VrijeUniversiteit Amsterdam, Institute of Ecological Science, Department of Animal Ecology, De
Boelelaan 1085, 1081 HV Amsterdam, the Netherlands
2) VU University Medical Center, De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands
3) LUMC, Leiden Genome and Technology Center, Einthovenweg 20, 2333ZC, Leiden, The
Netherlands
4) Radboud Universiteit, Comeniuslaan 4, 6525 HP, Nijmegen, The Netherlands
5) Keygene NV, Agro Business Park 9, 6708PW, Wageningen, The Netherlands
E-mail: avakhrusheva@gmail.com
Organisms can tolerate to a certain contamination of the ecological niche they inhabit by stress
response, which involve induction of stress combating proteins.
Some of these proteins have very long evolutionary history while others are specific to the
phylogenetic lineage or even the organism.
In Animal Ecology Department at the Vrije University Amsterdam we develop classifiers based on
the Folsomia candida (F.candida) and Orchesella cincta (O.cincta) gene expression for
ecotoxicological testing on specific soil polluters. F.candida was chosen as a model organism for soil
quality control and O.cincta as a model organism for studying long term pollution of the soil.
In this project we will analyse the F. candida and O.cincta genome and compare them to other
arthropods to reveal signatures of evolution of stress-responses and explain the phenotypic
plasticity of these organisms in response to contamination.
Combination of Illumina and 454 next-generation sequencing (NGS) technologies will be
implemented to obtain complete genome and transcriptome of F.candida and O.cincta. In this
context we collaborate with Leiden Genome Technology Center (Prof. Dr. J. den Dunnen).
During the project we are going to assemble the complete genome and transcriptome of F.candida
and O. cincta by using several available assembly platforms (CLC¬¬¬, SOAPdenovo). Subsequently,
gene annotation and phylogenetic analysis will allow us to further characterize the genome content.
We hypothesize, that occupation of different niches influenced the evolution of stress defence
systems. Not only evolution of genes families will be investigated, but also cis-regulatory motives
among stress-response gene networks will be analyzed to study plasticity of stress response
pathways.
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HPCBIOS: HPC environments & customization for BIOinformatics Software
Fotis Georgatos
LCSB/University of Luxembourg
E-mail: fotis.georgatos@uni.lu
High Performance Computing and in-silico science research can be greatly assisted by a rigorous
methodology in organiz- ing the systems environment for Bioinformatics researchers. Bioinformatics
applications have the special characteristic of requiring frequent customization, parameterization
and at the same time are very sensitive to systems modifications - OS environment and related
tuning- especially as regards their performance envelope.
This particular problem case may be treated with an automated approach, which promotes
scientific rigor, reproducibility and consistent results across multiple HPC, Grid or Cloud platforms.
The suggested approach is based upon 3 pillars:
(1) fully automated software building eliminating the human factor bottleneck & allowing crosssharing of software recipes, (2) structured HPC environments by adhering to predefined principles
of organization/documentation/services provisioning (3) permanent integrated monitoring of the
computational workflows and their operational metrics, including performance.
It surely must be highlighted that these approaches are relevant not only to Bioinformatics but,
apply equally well to any other scientific discipline, which benefits from scientific computing
practice. The proposed methodology reinforces the existing investments done at EU level and builds
upon ideas found in other HPC/Bioinformatics projects.

54

16
Using network-based enrichment analysis to study complex diseases
Enrico Glaab 1, Anaïs Baudot 2, Natalio Krasnogor 3, Alfonso Valencia 4, Reinhard Schneider 1
1) Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, Luxembourg
2) Luminy Institute of Mathematics (IML), Marseilles, France
3) School of Computer Science, Nottingham University, Jubilee Campus, Nottingham, UK
4) Structural Biology and Biocomputing Program, CNIO, Madrid, Spain
E-mail: enrico.glaab@uni.lu
We present EnrichNet, a web-application to identify, prioritize and visualize functional associations
between experimentally derived genes or proteins and known cellular pathways. EnrichNet enables
the scoring and visual exploration of associations between pathways and gene/protein sets by taking
into account the graph structure of physical interactions in a molecular interaction network. A novel
graph-based statistic, developed to exploit information from the network structure connecting two
gene/protein sets, is combined with an interactive visualization of network sub-structures to enable
a direct biological interpretation of how a user-defined gene/protein set, e.g. deregulated genes in
a disease, is related to a specific cellular pathway on a molecular level. The combination of data
integration and new scoring and visualization techniques within a unified approach offers the
following possibilities: a) A sensitive scoring of associations between pairs of
pathways/processes/complexes and gene/protein sets; b) The comparison of non-overlapping
gene/protein sets, which is impossible with classical overlap-based enrichment analysis; c) An
intuitive biological interpretation of the association scores via a new interactive sub-network
visualization; d) The recognition of tissue-specific gene/protein set associations.
The EnrichNet web-application, a tutorial, a web-service API and example datasets are freely
available at www.enrichnet.org.
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Searching for active transposable elements in the genome
Jayne Y. Hehir-Kwa, Djie Thung, Joep de Ligt, Petra de Vries, Lisenka E.M. Vissers, Joris A.
Veltman
Department of Human Genetics, Nijmegen Center for Molecular Life Sciences, Institute for Genetic
and Metabolic Disease, Radboud University Nijmegen Medical Center, Nijmegen, the Netherlands
E-mail: j.hehir@gen.umcn.nl
Background
Advances in sequencing technologies make it now possible to identify structural variation including
its positional information. Mobile elements (MEs) are a largely unexplored form of structural
variation in humans but are considered major drivers of genome evolution as they can insert in new
genomic sites, create processed pseudogenes and transduce parts of the genome.
Method
We have developed a novel split-read method to detect transposable elements in whole exome
single short end sequence data. Using our method, we analyzed 100 trios for active MEs.
Results
In total 4 insertions were confidently predicted. In particular, one confident ME prediction occurred
in 45 different samples, 15 of which were children. In 13 cases, the event was inherited from at
least one of the parents. Validation experiments confirmed the predicted insertion point and
showed that the event was present in both heterozygous and homozygous states. Further analysis
revealed that the event contained an mRNA product that is retrotransposed into an existing exon of
another gene. Validation of our method confirms that it is possible to correctly identify MEs in
whole exome sequence data with short reads (50bp).
Conclusion
Our results show that active MEs not only occur intergenic but also affect exons.
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FluxEs 2.0: an R Package for Metabolic Flux Estimation in Carbon Transition Networks
Hannes Hettling 1,4, Hilal Taymaz-Nikerel 2,4 , Jaap Heringa 1, Thomas Binsl 3, Johannes H.G.M.
van Beek 1,2,4
1) Centre for Integrative Bioinformatics, VU University, Amsterdam, The Netherlands
2) VU University Medical Centre, Amsterdam, The Netherlands
3) Crosslinks BV, Rotterdam, The Netherlands
4) Netherlands Consortium for Systems Biology, Amsterdam, the Netherlands
E-mail: j.hettling@vu.nl
We present an improved version of the R package FluxEs (Binsl et al., Bioinformatics, 2010) for the
estimation of metabolic reaction fluxes from stable isotope labeling data. The software estimates
the flux parameters in mathematical models of carbon transitions by fitting experimental data and
defines confidence bounds based on Markov chain Monte Carlo calculations. FluxEs is open source
and supports models encoded in the Systems Biology Markup Language (SBML).
Experiments can be simulated to yield fractional isotope enrichments, which can be compared to
experimental nuclear magnetic resonance (NMR) data using a least-squares cost function.
Optimization procedures are implemented to estimate flux parameters. Often, different
combinations of flux parameters fit experimental data with reasonable precision, especially for
noisy data. To derive uncertainty in parameter estimates from uncertainty in the measurements,
FluxEs uses the Metropolis-Hastings algorithm to sample ensembles of flux parameters that describe
the data.
We used FluxEs to quantify TCA Cycle flux using NMR measurements from 13C tracer experiments in
porcine heart. The estimated TCA cycle flux shows reasonable confidence regions in most cases for
different experimental conditions such as cardiac ischemia. Estimates calculated using the FluxEs
package from NMR data correspond with independent measurements of oxygen consumption.
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Cloud-based tumor analysis in Galaxy
Saskia Hiltemann 1,2, Rene Bottcher 1, Ivo Palli 2, Peter vd Spek 2, Guido Jenster 1, Andrew Stubbs
1,2
1) Department of Urology, ErasmusMC
2) Department of Bioinformatics, ErasmusMC
E-mail: s.hiltemann@erasmusmc.nl
Background
Next-generation sequencing (NGS) techniques provide detailed information at decreasing costs,
resulting in vast amounts of data to be processed. Here, cloud computing offers an attractive option
for data analyses. There are many publicly available analysis tools available for RNASeq and DNASeq
analysis, but they often require experience with the command line. We aim to develop a web-based
application to simplify NGS analysis for translational scientists.
Methods
We have implemented publicly available tools for RNAseq and DNAseq analysis in a user-friendly
Galaxy environment, deployed in a CLOUD environment, to allow for instant scale-up and resources
for large experimental studies by translational research scientists. In addition, users may choose
from a variety of combinable and interchangeable tools for every analysis step of their pipeline.
Results
To demonstrate the added value and simplicity of our approach, we will make our tools available on
the NBIC galaxy (galaxy.nbic.nl), and use public datasets as a test case to evaluate performance and
to validate our pipelines.
Conclusion
Our implementations will enable the translational scientist to perform high-throughput analysis
without extensive knowledge of bioinformatics, and the connection to the high-performance cloud
will result in decreased processing times.
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Inferring information regarding the mechanism of centromeric histone H3 incorporation in
Plasmodium falciparum from ChIP-seq data.
Rob ter Horst 1, Wieteke A. M. Hoeijmakers 2, Martijn A. Huynen 1
1) Center for Molecular and Biomolecular Informatics / Nijmegen Center for Molecular Life
Sciences, Radboud University Medical Center, Nijmegen, The Netherlands
2) Department of Molecular Biology, Nijmegen Center for Molecular Life Sciences, Radboud
University Medical Center, Nijmegen, The Netherlands
E-mail: rhorst@cmbi.ru.nl
Background
The centromere is the specialized part of a chromosome that is vital for the faithful segregation of
the chromosomes during cell division. Nucleosomes at the centromere contain centromeric H3
(CENH3), a variant of the canonical histone H3. The mechanism by which CENH3 is deposited and
maintained in the centromere has not been resolved. In order to gain insights into this mechanism,
we perform a quantitative analysis of CENH3 distributions in the malaria parasite Plasmodium
falciparum (Pf).
Methods
We determine CENH3 occupancy across the Pf genome using ChIP-seq and analyze the distribution of
CENH3 over the centromere by integrating data from all chromosomes. We model various types of
distributions in order to assess which process could have given rise to the CENH3 distribution we
observe.
Results
Centromeres in Pf are characterized by both localized CENH3 and low GC content. We find that the
presence of CENH3 extends beyond the regions of low GC content and that CENH3 occupancy
decreases exponentially at the edge of the centromere, halving approximately every 125 bp.
Conclusions
The exponential decay in CENH3 occupancy provides us with tangible mechanistic information,
namely that the process that incorporates CENH3 has a specific, constant probability of continuing
after the rise in GC content.
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Specificity in Protein Interactions: sequence analysis of homodimers
Qingzhen Hou, Jaap Heringa, K. Anton Feenstra
Centre for Integrative Bioinformatics VU (IBIVU), VU University Amsterdam
E-mail: hqn200@vu.nl
Protein–protein interactions are crucial in most biological
processes, and often for this biological function sub-families in a protein families need different
interaction partners. De-tection of specificity residues between such subfamilies is can be used to
indicate functional residues, which in this case will correspond to the interface regions.
Four kinds of information are invoved in the analysis:
•Homodimeric and monomeric proteins from PDBe PISA;
•Clusters of Orthologous Groups of homodimers and monomers from COG;
•Homologous relations between orthlologous groups of homodimers and monomers obtained using
HHsearch;
•Structure information of homodimeric proteins from PDBe PISA.
We have applied the Sequence Harmony (SH) method for sub-family specific site detection to detect
specificity sites that determine the interaction or non-interaction between protein families.
Our first results show in many cases, the SH signal is able dis-tinguish between interface and other
surface residues. This opens up the possibility of using SH to predict interface region from sequence
information.
Improvement can be expected from better homology detection between homodimer and monomer
groups. In addition, a bet-ter method for clustering the homolog group could further improve our
results.
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Integrating pre-processing and machine-learning in the Electronic Data Capture software
framework Clinical Data Miner
Arnaud Installe 1, Thierry Van den Bosch 2, Dirk Timmerman 2, Bart De Moor 1
1) ESAT - SCD, KU Leuven / iMinds Future Health department
2) U.Z.-Leuven, KU Leuven
E-mail: arnaud.installe@esat.kuleuven.be
Background
Applying machine-learning to clinical data typically requires exporting to a format suited to
machine-learning software, identification of variable types and pre-processing the data. This is
time-consuming, and variable type identification is redundant, as it is performed during study
design as well.
Objective
To integrate variable type identification, data pre-processing and machine-learning in the
Electronic Data Capture software framework Clinical Data Miner.
Methods
The software is developed in Java, using a Test-Driven Development methodology.
Results
A Java API allows to query data directly from Clinical Data Miner, to pre-process variables
automatically based on their types, and to apply machine-learning techniques. Variable types are
inferred from the study design.
A script allows to access the API interactively from within Jython for experimentation purposes.
Conclusions
Clinical Data Miner automates a number of steps required to apply machine-learning to clinical
data. Through its Jython console it can be used as an experimentation platform to quickly assess the
effect of pre-processors and machine-learning algorithms on model performance.
I would like to sign up for a poster commercial No
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Integrated analysis of microRNA and mRNA expression: adding biological significance to
microRNA target predictions
M. van Iterson 1, S. Bervoets 1, E.J. de Meijer 1,2, H.P. Buermans 1,2, P.A.C. ’t Hoen 1,5, R.X.
Menezes 3,5, J.M. Boer 1,4,5
1) LUMC, Center for Human and Clinical Genetics, Einthovenweg 20, 2300 ZC Leiden, The
Netherlands.
2) LUMC, Leiden Genome Technology Center, Einthovenweg 20, 2300 ZC Leiden, The Netherlands.
3) VU University Medical Center, Department of Epidemiology and Biostatistics, De Boelelaan 1118,
1081 HZ Amsterdam, The Netherlands.
4) Erasmus MC, Sophia Children's Hospital, Laboratory of Pediatric Oncology/Hematology, Dr.
Molewaterplein 50, 3015 GE Rotterdam, The Netherlands.
5) Netherlands Bioinformatics Centre, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands.
E-mail: m.van_iterson.hg@lumc.nl
Current microRNA target predictions are mostly based on sequence information and empirically
derived rules but do not make optimal use of the expression of microRNAs and their targets. The
aim of this study was to improve microRNA target predictions in a given biological context, using
sequence information, miRNA and mRNA expression data.
For this, we used multiple target prediction programs to produce lists of predicted mRNA targets
and employed a gene set test designed to detect consistent effects of microRNAs on the expression
of multiple predicted targets. In a single test, the association between miRNA expression and the
target gene set expression is determined as well as the contribution of the individual target genes
on the association. Prioritization comes from the strongest, negatively associated mRNAs as
measured by the test.
We applied our integration method to data from a well-defined muscle differentiation model in
mouse C2C12 cells. Validation of our predictions, by luciferase assays in C2C12 cells, confirmed
predicted targets of known as well as novel muscle-related microRNAs. We conclude that our
integrated approach of in silico target predictions with microRNA and mRNA expression profiles
successfully identifies known and unknown microRNA targets.
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Analysis of multiple SNV contextualized by protein structure and sequence conservation.
Wiktor Jurkowski
University of Luxembourg
E-mail: wiktor.jurkowski@uni.lu
Functional analysis of SNV applied to case control classification in some cases proves useful in
explaining causality in disease. In other, the same variants, even otherwise regarded as causal, may
be seen in both groups suggesting complex epistatic mechanisms.
Multiple modifier variants need to be accounted simultaneously increasing enormously cost of
search and make interpretation of results difficult. In order to decrease this complexity, we apply
disease contextualization of SNV by applying protein structure based analysis.
SNV mapping on protein structure has been traditionally regarded as most insightful technique in
understanding actual molecular malfunction and resulting pathology. Despite of many limitations (a
priori disregards variants from non-coding regions or underestimates effects on less studied
proteins) structural features derived from experimental data or predicted has been used
successfully in prediction of functional effects of SNV. Analysis of protein - protein contacts can be
also valuable source of additional, supporting information in network-based approach combining
multiple genetic variants.
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Integrating gene expression with protein interactions for drug target prioritization
Griet Laenen 1,2, Lieven Thorrez 1,3,4, Daniela Börnigen 5, Yves Moreau 1,2
1) KU Leuven, Department of Electrical Engineering - ESAT, SCD-SISTA, Leuven, Belgium
2) iMinds Future Health Department, Leuven, Belgium
3) KU Leuven, Department of Development and Regeneration, Lab of Translational Cardiomyology,
Leuven, Belgium
4) KU Leuven Kulak, Subfaculty of Medicine, Kortrijk, Belgium
5) Harvard University, Harvard School of Public Health, Biostatistics Department, Boston, MA, USA
E-mail: griet.laenen@esat.kuleuven.be
Many drugs achieve their effects by modulating multiple targets. These targets are, however, often
unknown and difficult to find among the thousands of gene products. Yet this knowledge could be of
substantial value to future drug development, in particular for side effect prediction and drug
repositioning.
We propose a computational method tackling this target identification problem by the analysis of
gene expression following drug treatment in the context of a functional protein association
network. More specifically, genes are prioritized as potential targets based on the transcriptional
response of functionally related genes. To this end, differential expression signals are diffused over
the network either using a kernel-based random walk or on the basis of connectivity correlations
between nodes.
Both diffusion strategies were evaluated on 235 publicly available gene expression datasets for
treatment with bioactive molecules having a known target. With AUC values of 91% and 92%
respectively, the best results were obtained by a single-step symmetric normalized Laplacian kernel
diffusion of moderated t-statistics and by a correlation-based diffusion of log2 ratios.
The obtained AUC values indicate the predictive power of integrating experimental gene expression
data with prior knowledge on protein interactions to identify the targets of a drug.
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Genomic signatures of innate immunity predict new genes
Robin van der Lee, Martijn A. Huynen
Centre for Molecular and Biomolecular Informatics, Nijmegen Centre for Molecular Life Sciences,
Radboud University Medical Centre, Nijmegen, The Netherlands
E-mail: r.vanderlee@cmbi.ru.nl
Background
The innate immune system forms our vital first line of defense against infection. It inhibits pathogen
replication and attracts the adaptive immune system. Understanding innate immunity increases our
ability to design therapeutics that intervene with infection. We use genomics data to discover
signatures relevant to innate immunity genes, and combine these signatures to find novel genes
involved in the innate immune response.
Methods
We collect experimental and computational genomics data relevant to describe known innate
immunity genes. We design a probabilistic Bayesian framework that integrates these data and
predicts new candidate genes.
Results
Using the collected genomics data we found that innate immunity genes, among other things: show
strong signs of positive selection, interact with viral proteins, are expressed upon virus infection,
and are enriched for a set of protein domains and transcription factor binding motifs. Through
integrative analysis of these and other properties we predict 91 candidate genes important for the
innate immune response with a 25% estimated false discovery rate, significantly expanding the list
of known innate immunity genes.
Conclusions
We have developed an integrative Bayesian framework to predict novel human genes involved in the
innate immune response. Functional characterization of the candidates will further our
understanding of this complex system.
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Multi-CLEVER: Allele-specific variant discovery in multiple, next-generation sequenced genomes
Tobias Marschall, Alexander Schönhuth
Centrum Wiskunde & Informatica, 1098 XG Amsterdam
E-mail: T.Marschall@cwi.nl
Background
Despite the advances in sequencing speed and costs, the computational discovery of structural
variants in next-generation sequenced genomes is not yet standard and has remained one of the
most challenging bioinformatics problems. The simultaneous analysis of multiple related
samples, such as mother-father-child trios, has the potential to reveal fundamental insights on the
acquisition of novel variants, the role of structural variants during recombination and their effects
on phenotypic diversity. However, it has been pointed out that it also poses specific challenges. In
the light of tera-scale projects, such as the "Genome-of-the-Netherlands", the availability of
reliable such methods is crucial.
Methods
Here, we present Multi-CLEVER, which is an extension of CLEVER [1], our previous statistical
framework for SV discovery in single genomes. As before, a specifically engineered, ultra-fast
algorithm computes all groups of alignments of next-generation sequenced paired-end reads, where
each group is likely to reflect the same allele. A novel statistical procedure predicts variant alleles
and assigns them to samples.
Results and Conclusions
We observe a significant gain in power when variants co-occur in several samples. To this end, we
present detailed results on fully annotated genomes, using simulated Illumina reads.
[1] Marschall, T., Costa, I., Canzar, S., Bauer, M., Klau, G., Schliep, A. and Schoenhuth, A.:
"CLEVER: Clique-Enumerating Variant Finder", Bioinformatics, advanced online access, doi:
10.1093/bioinformatics/bts566
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Fast and accurate calculation of protein-protein interaction: contribution of surface and
interface residues
Rene Pool, Ali May, Erik van Dijk, Sanne Abeln, Jaap Heringa, K. Anton Feenstra
Centre for Integrative Bioinformatics Vrije Universiteit (IBIVU), Vrije Universiteit Amsterdam, De
Boelelaan 1081a, 1081HV Amsterdam, the Netherlands
E-mail: a.may@vu.nl
In many cellular processes, physical interactions between proteins play crucial roles. For biological
functionality, many proteins must organize into protein complexes. On the other hand, biologically
non-functional complexes might give rise to a number of pathologies. Existing methods for
predicting protein-protein interactions (PPIs) that use statistical learning techniques or other
bioinformatic approaches appear to have limited accuracy. We will
therefore try to build up a method based on physical principles using simplified molecular models
for computational efficiency, while still maintaining the accuracy of calculating the interactions.
As a first step, we have established that we can calculate the interaction strength between two
proteins using the MARTINI coarse-grained model where approximately four atoms are represented
by a single sphere (or `super atom'). These calculations, with more than a 500-fold simulation time
speedup, are in good agreement with all-atom simulations and are comparable to experimental
results. As a second step, we will establish that direct interactions from the interface residues
dominate the interaction potential. This opens the possibility of limiting the calculations to the
interface region only, providing a speedup of another three orders of magnitude. Lastly, we will
show that in-silico mutations that are performed according to an evolutionary model (BLOSUM62
matrix) lead to biologically plausible changes in the interaction strength which can be captured by
using the coarse-grained model.
In order to verify the interface dominance, we have mutated surface and interface residues and
studied the influence on the effective interaction of two different protein complexes; a TCR-pMHC
and an MP1-p15 scaffolding complex. We performed random mutations on an equal number of
residues in either the interface core (buried in complex), the interface rim (less exposed in
complex) or the outer rim (right outside the rim). For each of these, we measured the change in the
interaction between the two proteins by calculating the potential of mean force (PMF) using coarsegrained molecular dynamics simulations. Our results show that mutations on the interface core lead
to signicantly less attractive interactions than mutations on the interface rim, while outer rim
mutations hardly effect the PPI. We furthermore show that evolutionarily more probable mutations
on the interface core yield a signicantly more stable PPI than mutations that are less probable.
We are now able to calculate an interaction potential between any two structurally resolved
proteins in a matter of hours. Restricting this to the interface region only will allow us to calculate
protein interactions on a genomic scale (tens of millions of PPIs) in about a day on a medium size
compute cluster.
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Essential genes and pathways conserved among respiratory pathogens
Fredrick M. Mobegi 1,2, Aldert Zomer 1,2, Peter Burghout 1, Hester Bootsma 1, Stefan P.W. de
Vries 1, Jeroen Langereis 1, Sacha A. F. T. van Hijum 2,3, Peter W. M. Hermans 1
1) Radboud University Medical Centre, Laboratory of Pediatric Infectious Diseases, P.O. Box 9101,
6500 HB, Nijmegen, the Netherlands
2) Centre for Molecular and Biomolecular Informatics, Nijmegen Centre for Molecular Life Sciences,
Radboud University Medical Centre, P.O. Box 9101, 6500 HB, Nijmegen, The Netherlands
3) NIZO food research, P.O. Box 20, 6710 BA Ede, The Netherlands
E-mail: f.mobegi@cukz.umcn.nl
Respiratory tract infections are among the leading causes of global mortality and morbidity. It has
been estimated by the WHO that 4-5 million people die of pneumonia annually. Infection by and
growth of S. pneumoniae, Haemophilus influenzae and Moraxella catarrhalis is a complex process
dependent on various essential genes and pathways, some of which could be used as potential
targets for drug and vaccine development.
We used the Tn-Seq insertion knockout and sequencing strategy with bioinformatics tools to identify
disrupted genes. Genes that are not detected in the knockout library are likely essential for growth.
Statistical analysis, pathway analysis, and functional category enrichment methods are used to
identify conserved essential pathways among the three species.
In S. pneumoniae, Haemophilus influenzae and Moraxella catarrhalis, we observed that ~15% of all
genes are essential, similar to observations in earlier knockout studies. These genes primarily
encode core functions involved in transcription, translation or replication. Additionally, several
conserved genes encoding for hypothetical proteins are also identified as being essential.
High throughput screening of essential genes using Tn-seq combined with comparative genomics is a
feasible method to rapidly discover novel candidate targets for drug design and vaccine
development.
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CHDWiki data in RDF format
Charalampos Moschopoulos 1,2, Yves Moreau 1,2
1) Department of Electrical Engineering-ESAT, SCD-SISTA, Katholieke Universiteit Leuven,
Kasteelpark Arenberg 10, box 2446, 3001, Leuven, Belgium
2) iMinds Future Health Department, Kasteelpark Arenberg 10, box 2446, 3001, Leuven, Belgium
E-mail: cmoschop@esat.kuleuven.be
Background
The Congenital Heart Defects (CHDs) Wiki portal provides a collaborative knowledge base where the
current knowledge on the genetic basis of CHDs is stored. So far, the relationships between genes
and CHDs have been mapped, derived from published data or single clinical cases making this
platform a useful tool for geneticists, molecular biologists and clinicians
Results
In this contribution we present the first core RDF subset of the hosted data, which is the first step
to connect them with the web of linked data. The RDF schema is based on the three
aforementioned entities (genes, CHDs and Clinical cases), which are annotated using the HUGO IDs,
the European Pediatric Cardiac Code short list and the unique CHDWiki case IDs respectively
Conclusions
Future plans include the direct mapping of CHDs with Human Phenotype Ontology (HPO), which will
make the appliance of more intriguing queries relating CHDs with other abnormalities possible.
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Exploring genetic variation in potato
Michiel Noback 1, Jan Peter Nap 1, Ronald Wedema 1, Nick de Vetten 2, Jan de Haas 3
1) Expertise Group ALIFE, Institute for Life Science & Technology, Hanze university of Applied
Science Groningen
2) Averis Seeds, Valthermond
3) HZPC R&D, Metslawier in collaboration with Energy Knowledge Centre (EKC) Hanze University of
Applied Sciences Groningen, The Netherlands
E-mail: m.a.noback@pl.hanze.nl
The analysis of genomic variation in potato (Solanum tuberosum) is important for future potato
breeding. This project, a collaboration between the Hanze University of Applied Sciences
Groningen, AVEBE, HZPC and the University of Groningen, has as main goal identifying genetic
variation in the potato genome that can help accelerate potato breeding programs.
We are currently analyzing six carefully selected potato cultivars that are thought to represent most
variation of interest to the potato breeding companies involved. From both RNA and genomic DNA
samples of these cultivars we have obtained close to 3 billion sequence reads, totaling 300 billion
nucleotides of sequence information. So far, we have identified more than 500 thousand variant
positions from the RNA sequence data. The vast majority of these variants is novel.
Besides variant detection and analysis, we are investigating gene expression levels based on the
same sequence data to see if expression variation can be used as marker in breeding. Genes
involved in carbohydrate metabolism are of particular interest.
The project is carried out in the framework of the Carbohydrate Competence Center (CCC Work
Package 23).

70

33
MGcV: genomic context visualization to facilitate small-scale genome analysis
Lex Overmars
1) Centre for Molecular and Biomolecular Informatics, Radboud University Medical Centre
Nijmegen, Nijmegen, 6525GA, The Netherlands
2) TI Food and Nutrition, Wageningen, 6700AN, The Netherlands
3) Netherlands Bioinformatics Centre, Nijmegen, 6500HB, The Netherlands
E-mail: l.overmars@cmbi.ru.nl
Background
The evolutionary signal of a conserved sequence context is exploited in many types of comparative
microbial genome analysis. Context conservation provides a lead for gene function annotation and
metabolic network reconstruction. Besides, it guides the discovery of regulatory elements in
footprinting strategies and the recovery of functions linked to these elements.
Results
We present Microbial Genomic context Viewer (MGcV; www.cmbi.ru.nl/mgcv), an interactive and
web-based application to strengthen the practice of comparative genome analysis for bacteria. All
prokaryotic RefSeq-genomes and -annotations are available. Annotation-data such as PFAM domains,
sub-cellular locations and sequence characteristics (e.g. GC%) can be included. The setup of MGcV
allows the visualization, retrieval and analysis of the genomic context of any set of genes/proteins,
genomic segments, regulatory elements and phylogenetic trees. Array-data can be uploaded in
MGcV and ranked to enhance the interpretation of observed changes. Predicted regulatory elements
can be displayed simultaneously to support the interpretation. The context maps not only allow
rapid interpretation but also facilitate data gathering on basis of visual selection.
Conclusion
MGcV reduces the time needed to perform comparative genome analyses related to annotation and
network reconstruction. MGcV is unique in combining data integration, a flexible interface and data
retrieval options.
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Bioinformatics tools for the design of antisense RNA and aptamers
Gert Peters, Jo Maertens, Joeri Beauprez, Marjan De Mey
Ghent University
E-mail: gert.peters@ugent.be
Next to its function as information carrier (mRNA), RNA plays an important role in different
regulatory mechanisms that steer the expression of genes and as such control the cell's behaviour,
e.g., by interacting with mRNA (antisense RNA) or with small molecules such as glucosamine-6phosphate (aptamer riboswitches).
These functions and properties render RNA molecules interesting targets to use as genetic
engineering tools for the optimization microbial production hosts. Nowadays, these tools are mainly
created on a trial and error basis because information on the interactions of RNA molecules is
scarcely available. Hence, a bio-informatics analysis of RNA-RNA and RNA-ligand interactions may
lead to new insights and a faster development of these RNA structures. Different software packages
for RNA secondary and tertiary structure prediction have been evaluated based on existing
experimental data. To simulate the interactions between the small molecules and aptamers the
AutoDock Vina docking program is used.
The developed approach is validated using data on aptamers and their ligands. Ultimately, this
computational approach will be applied for directing the design of tailor made RNA molecules,
which have numerous applications in metabolic engineering and synthetic biology.
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DECO: Data-integration for Endpoints, Cheminformatics and Omics
Jan Polman 1, Jennifer McCormack 3, Marola van Lipzig 3, Joost van Delft 1, Danyel Jennen 1, Rob
Stierum 3, Dinant Kroese 3, Hennicke Kamp 2, Gina Montoya 2, Eugene van Someren 3
1) Department of Toxicogenomics, Maastricht University, The Netherlands
2) BASF, Ludwigshafen, Germany
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Background
Structurally similar compounds are presumed to induce similar biological responses, such as similar
toxicities. However, subtle structural changes, sometimes, result in completely different
toxicological responses, making prediction solely based on chemoinformatics insufficient.
To improve hepatoxic predictions, DECO aims at integrating chemoinformatic data with biological
information from ‘omics’, HTS technologies and traditional techniques like histopathology and
clinical chemistry.
A high-quality database is generated that contains structural information for > 1000 compounds,
transcriptomics datasets from TG-GATEs, DrugMatrix and Maastricht University, HTS data from
ToxCast, proprietary metabolomics data from BASF, as well as corresponding in vivo hepatotoxicity
profiles.
Method
First, similarities between pairs of compounds are calculated using algorithms that employ data
from either chemical structure, histopathology or clinical chemistry. This results in a similarity
matrix for each combination of domain, source and algorithm. Subsequently, the similarities from
different similarity matrices are compared through direct visualization as well as clustering and
overlap analysis.
Results and Conclusions
We present a general platform-independent approach to visualize, explore and estimate the
predictive power of different domains (chemoinformatics, omics, HTS-assays, histopathology,
bloodchemistry), different datasources and different algorithms, based on similarity scores between
compound-pairs. We believe this approach provides a simple but powerful way to evaluate the
added value of ‘omics ‘ or HTS data for the prediction of hepatotoxicity.
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A Simple Genetic Algorithm for Biomarker Mining
Dusan Popovic, Alejandro Sifrim, Georgios A. Pavlopoulos, Yves Moreau, Bart De Moor
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Background
The main objective of biomarker mining is to aid in the discovery of biological indicators that could
be potentially associated with a particular clinical condition. By performing a part of this process in
an automated fashion the costs of wet-lab analysis could be sustainably reduced.
Methods
We propose a prognostic biomarker mining method based on a genetic algorithm with a novel fitness
function and a bagging-like model averaging scheme. It selects those biomarkers that maximize
balanced accuracy of underlying classifier (kNN) under the constant parsimony pressure, resulting in
short and accurate signatures. Finally, we aggregate signatures derived on different bootstraps from
original data to produce final predictor and gene rankings.
Results and Conclusions
We assess the relevance of discovered biomarkers both by qualitative and quantitative analysis. We
used Ingenuity Pathway Analysis to determine if the signature was significantly enriched for
particular pathways or functions of interest, which resulted in 10 genes being associated with
cancer of which 3 with colorectal cancer in particular. Furthermore, using the signature for
prediction on two independent test sets we obtained area under the ROC curves of 0.77 and 0.73,
which is better or comparable to that of the state-of-the-art methods.
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Unraveling toxicological mechanisms and predicting toxicity classes with gene dysregulation
networks
Tessa E. Pronk 1,2, Eugene P. van Someren 3, Rob H. Stierum 3, Janine Ezendam 1, Jeroen L.A.
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1) Laboratory for Health Protection Research (GBO), National Institute for Public Health and the
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Netherlands
3) Research Group Microbiology and Systems Biology, TNO, PO Box 360, NL-3700 AJ Zeist, the
Netherlands
E-mail: tessa.pronk@rivm.nl
The use of genes for distinguishing classes of toxicity has become well established. In this paper we
combine the reconstruction of a gene dysregulation network (GDN) with a classifier to assign unseen
compounds to their appropriate class. Gene pairs in the GDN are dysregulated in the sense that they
are linked by a common expression pattern in one class and differ in this pattern in another class.
The classifier gives a quantitative measure on this difference by its prediction accuracy. As an indepth example, gene pairs were selected that were dysregulated between skin cells treated with
either sensitizers or irritants. Pairs with known and novel markers were found such as HMOX1 and
ZFAND2A, ATF3 and PPP1R15A, OXSR1 and HSPA1B, ZFP36 and MAFF. The resulting GDN proved
biologically valid as it was well-connected and enriched in known interactions, processes, and
common regulatory motifs for pairs. Classification accuracy was improved when compared to
conventional classifiers. As the dysregulated patterns for heat shock responding genes proved to be
distinct from those of other stress genes, we were able to formulate the hypothesis that heat shock
genes play a specific role in sensitization, apart from other stress genes. In conclusion, our
combined approach creates added value for classification based toxicogenomics by obtaining novel,
well-distinguishing and biologically interesting measures, suitable for the formulation of hypotheses
on functional relationships between genes and their relevance for toxicity class differences.
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Pipit: visualising structural variations
Ryo Sakai 1,2, Matthieu Moisse 3,4, Joke Reumers 5, Jan Aerts 1,2
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2) iMinds Future Health Department
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Effective visualisation of structural and copy-number variation is essential to gain insight into
functional impacts of these variations on human health and disease. However, the complexity of
these structural rearrangement, varying sizes, types, and orientations, poses a new visualization
challenge, especially with the traditional layouts based on genome coordinate systems. Often these
structural variations are depicted in a linear or circular layout, as with a Circos ideogram,
emphasising positions and lengths. However, our observations and iterative design process with
domain experts have shown the limitation of using a genome coordinate system to elucidate the
functional impacts of these structural variations.
We introduce a gene-centric visual to draw emphasis on biologically relevant features. This
visualisation paradigm takes a gene as a functional unit and examines how genes are affected and
oriented to each other. This encoding allows visual detection for fusion genes for further
investigation and validation. Another advantage is that the visual encoding is not constrained or
biased by variation sizes. We believe that this visual encoding should complement the traditional
views based genomic distances to allow in-depth analysis and exploration of structural variation
data.
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Aracari: exploration of eQTL data through visualisation
Ryo Sakai 1,2, Christopher W. Bartlett 3, Dusan Popovic 1,2, William C. Ray 3,4, Jan Aerts 1,2
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E-mail: ryo.sakai@esat.kuleuven.be
Variations in DNA sequence between individuals can generate variations in the amount of RNA
produced, and therefore the amount of protein, potentially creating differences in function, fitness
or health. Mapping the DNA variants that have these functional effects on gene expression is called
expression Quantitative Trait Locus (eQTL) analysis. While the technology to acquire eQTL data has
only recently become available, it is expected that networks of directly or indirectly interacting
DNA polymorphisms non-linearly affect specific gene expression levels, which makes mapping these
DNA variations a particular challenge.
An interactive visualisation tool, Aracari, was developed to analyze eQTL data. We evaluated the
tool with an eQTL data set with spiked-in simulated data provided by the BioVis2012 visualisation
contest. Using our visualisation tool, we identified nine genes relevant to a disease while the de
facto-standard biological experts eQTL toolkit (PLINK) could only detect six. However, the
identification of individual specific genetic variants lagged PLINK. It highlights a key difference
between the strengths of visual analytics, and direct statistical approaches for this data. In
collaboration with domain experts, we aim to further refine the tool to support the experts in
generating hypotheses from the complex eQTL data.Video: vimeo.com/user6757771/aracari.
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HIV Mutation Browser: Mutations from full text articles
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Extraction of mutations from vast scientific literature and mapping them to the corresponding
protein sequence is a challenge. Studying the effect of mutations on structure of the HIV and its
role in the resistance to drugs in AIDS patients are important research topics in the field of virology.
As an initial step in this direction to build an inventory of mutations in HIV, we have scanned
~108640 full text articles related to HIV-1, extracted the point mutations men-tioned from these
articles and mapped them back to the HIV-1 pro-teins. An interactive web application is developed
to serve the muta-tions and the corresponding sentences from the literature and cross references to
NCBI PubMed. It also visualizes the mutations in mul-tiple sequences alignment view and on
corresponding protein 3D structure. We are extending the same text mining pipe line to human,
mouse, yeast and zebrafish.
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Annotate-it: a Swiss-knife approach to annotation, analysis and interpretation of single
nucleotide variation in human disease
Alejandro Sifrim 1,2, Jeroen K. J. Van Houdt 3, Leon-Charles Tranchevent 1,2, Beata Nowakowska
3, Ryo Sakai 1,2, Georgios A. Pavlopoulos 1,2, Koen Devriendt 3, Joris R. Vermeesch 3, Yves Moreau
1,2, Jan Aerts 1,2
1) KU Leuven, Department of Electrical Engineering-ESAT, SCD-SISTA, Belgium
2) IBBT Future Health Department, Belgium
3) KU Leuven, Centre for Human Genetics, University Hospital Gasthuisberg, Belgium
E-mail: alejandro.sifrim@esat.kuleuven.be
The increasing size and complexity of exome/genome sequencing data requires new tools for
clinical geneticists to discover disease-causing variants. Bottlenecks towards identifying the
causative variation include poor cross-sample querying, constantly changing functional annotation
and not considering existing knowledge concerning the phenotype. We describe a methodology that
facilitates exploration of patient sequencing data towards identification of causal variants under
different genetic hypotheses. Annotate-it facilitates handling, analysis and interpretation of highthroughput single nucleotide variant data. We demonstrate our strategy using three case studies.
Annotate-it is freely available and test data is accessible to all users at www.annotate-it.org.
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E-mail: d.speth@science.ru.nl
The Ion Torrent PGM is an affordable benchtop sequencer with data output between 0.12 Gb and
1.2 Gb. It is relatively cheap and very fast, taking DNA to data in 3 days. Its speed, read length and
‘moderate’ throughput makes it very useful for microbial genomics, where genomes sizes vary from
~1.5 Mb to ~10 Mb with the majority between 2 Mb and 5 Mb. In environmental microbiology the
‘luxury’ of pure cultures is often not available. However, the output of the PGM is sufficient for
analysis of mixed culture samples, albeit not enough for deep sequencing of environmental
metagenomes.
Here we present a user experience with the Ion Torrent PGM, discussing the workflow, mechanism,
and some results of its application in environmental microbiology with respect to data output and
analysis. We will provide insight in the critical steps of the sequencing process with the PGM and
how these affect the data generated.
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Functional Annotation of Enzymes using Active Cleft Similarity and Ranking Methods
Michiel Stock 1, Thomas Fober 2, Eyke Hüllermeier 2, Serghei Glinca 3, Gerhard Klebe 3, Tapio
Pahikkala 4, Antti Airola 4, Bernard De Baets 1, Willem Waegeman 1
1) Ghent University, Department of Mathematical Modelling, Statistics and Bioinformatics, Coupure
links 653, 9000 Ghent, Belgium
2) Philipps-Universität, Department of Mathematics and Computer Science, Hans-Meerwein-Straße
6, 35032 Marburg, Germany
3) Philipps-Universität, Department of Pharmacy, Marbacher Weg 6-10, 35032 Marburg, Germany
4) Department of Information Technology and the Turku Centre for Computer Science, University
of Turku, Joukahaisenkatu 3-5 B 20520 Turku, Finland
E-mail: michiel.stock@ugent.be
The annotation of proteins remains to date an important problem in bioinformatics. We present a
framework to infer the EC number of enzymes by means of four state-of-the-art similarity measures
that capture the local structure and the physicochemical properties of cavities. Such similarities
allow for exploring the most relevant properties w.r.t. the catalytic mechanism, in contrast to
similarities constructed from the sequence or the global structure. However, they are usually
applied in a direct manner when searching for enzymes with similar functionality. We follow a
different approach, which attempts to predict relationships between enzymes in an indirect
manner, by considering cavity-based similarity measures as input for supervised machine learning
algorithms. To this end, we build a model based on training data, allowing for a more powerful
estimation of the relation between cavity-based descriptions and the function of enzymes. By
adopting kernel-based ranking methods, we created a system that returns for a given query enzyme
a ranking of database enzymes with similar EC functionality, similar to the typical output provided
by existing unsupervised methods. Experimental results confirm the validity of our approach. A
significant difference between the existing unsupervised approach and our method was observed,
while obtaining for the supervised case a performance that almost reached to the theoretical
optimum.
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Quality Assessment of PacBio RS Data by Reference Mapping
Ireneusz Stolarek 1, Andrzej Czech 1, Jorn de Haan 1, Thomas Chin-A-Woeng 2
1) Genetwister Technologies BV 6700AD Wageningen, The Netherlands.
2) ServiceXS, 2333BZ Leiden, The Netherlands.
E-mail: i.stolarek@genetwister.nl
De novo assembly of plant genomes will definitely benefit from sequencing technologies that
provide increasingly longer reads. Long reads are expected to improve the process of scaffolding
and genome assembly finishing. Here we address the quality control of long sequence read data
obtained from SMRT sequencing on a PacBio RS performed by ServiceXS, using a reference sequence
and several alignment algorithms. Alignment of PacBio sequence reads is a major challenge due to
an inherently high error rate. In this poster different algorithms will be reviewed. Comparison of
Smith-Waterman, Hidden Markov Model and heuristic algorithm in alignment of PacBio reads will be
shown. Performance of several aligners will be evaluated. Uncommon formats might complicate
downstream analysis thus input/output file formats will be compared. Ability to allow gaps and
align partial reads is essential for mapping PacBio reads and will be investigated as well as
maximum sequence length. Sensitivity and specificity of aligners will be the main points to be
compared based on part of uniquely mapped reads. Competence to identify a characteristic error
model and evaluation of error frequencies will be checked.
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An integrative bio-informatics approach for analyzing arsenic exposure on DNA methylation and
gene expression
Daniel H.J. Theunissen, Simone G.J. van Breda, Sandra M.H. Claessen, Marcel van Herwijnen, Karen
J.J. Brauers, Danyel Jennen, Stan Gaj, Joost H.M. van Delft, Theo M.C.M. de Kok, Jos C.S.
Kleinjans
Department of Toxicogenomics, Maastricht University, P.O. Box 616, 6200 MD, Maastricht, The
Netherlands
E-mail: d.theunissen@maastrichtuniversity.nl
Background
The role of the epigenome in chemical carcinogenesis has gained broad scientific interest during the
last decade. Various compounds have been considered as epigenetic carcinogens: they cause an
increased incidence of tumors through a mechanism of action which is believed to take place at the
level of epigenomics.
Methods
We investigated the dose- and time-dependent effect of arsenic on DNA methylation changes in
A549 human lung adenoma cells using NimbleGen 2.1 deluxe promoter arrays. Detection of
differential methylation was performed using the Probe Sliding Window-ANOVA algorithm (PSWANOVA (Roche NimbleGen)). Whole genome transcriptomic analyses were performed using
Affymetrix whole genome gene expression. Detection of differential expression was performed using
the bioconductor R packages.
Results
Integration of the differentially methylated geneset and differentially expressed geneset was
accomplished by making use of the TRANSFAC® database. We link these sets by making use of the
transcription factor-target relationships stored within the TRANSFAC® database. The results were
than visualized in Cytoscape.
Conclusions
Using an integrative bio-informatics approach, we can show that arsenic is able to induce DNA
methylation changes in a dose- and time-dependent matter, which will lead to changes in gene
expression.
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Including the hydrophobic effect in a cubic lattice model of protein folding
Erik van Dijk 1, Tuomas Knowles 2, Daan Frenkel 3, Sanne Abeln 1
1) VU University
2) University of Cambridge
3)University of Cambridge
E-mail: edk360@few.vu.nl
Here we extend a course grained, cubic lattice model of protein folding with a temperature
dependent potential. The base pair potential is based on the frequency of occurrence of contacts
between amino acids in experimentally determined protein structures. We estimate the magnitude
of the hydrophobic effect through measurements on small anorganic molecules and use it to extend
the base pair potential. The extended, temperature dependent potential is then used to estimate
the influence of the hydrophobic effect on the enthalpy and entropy changes between the native
state and the transition state of the protein. The enthalpy and entropy changes between the native
state and the unfolded state are also investigated in this manner.
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AMY-tree: a tool to use whole genome SNP calling for Y chromosomal phylogenetic applications
Van Geystelen A. 1,2,*, Decorte R. 1,3, Larmuseau M.H.D. 1,3,4,*
1) UZ Leuven, Laboratory of Forensic Genetics and Molecular Archaeology, Leuven, Belgium
2) KU Leuven, Department of Biology, Laboratory of Socioecology and Social Evolution, Leuven,
Belgium
3) KU Leuven, Department of Imaging & Pathology, Forensic Medicine, Leuven, Belgium
4) KU Leuven, Department of Biology, Laboratory of Biodiversity and Evolutionary Genomics,
Leuven, Belgium
* Both authors contributed equally to this study
E-mail: anneleen.vangeystelen@bio.kuleuven.be
Y chromosomal researchers are aiming to optimize the phylogenetic Y chromosomal tree and to find
new genetic lineages. The rapid progress of next generation sequencing facilities and the resulting
explosion of human whole genome sequencing data can accelerate their research. However, no
software is yet available to help the Y chromosomal research community with the data analysis.
We present a new bioinformatics tool, AMY-tree, which is able to determine the phylogenetical
position (or haplogroup) of a sample using called SNPs. Moreover, AMY-tree indicates ambiguities
within the current Y chromosomal tree and it also points out new Y-SNPs which may be
phylogenetically relevant in the future. AMY-tree makes use of a specific algorithm to determine
the haplogroup of Y chromosomes taking mistakes in the SNP calling and/or the phylogenetic tree
into account.
The AMY-tree software is tested on 667 whole genome samples with different origins. Even for
samples with low sequencing coverage, AMY-tree determines the correct haplogroup although
probably not on the right phylogenetic level. Several recurrent mutations and wrongly reported
mutation conversions were indicated by AMY-tree.
AMY-tree is a publically available and successfully validated tool which helps researchers in
determining the haplogroup of Y chromosomes and optimizing the Y chromosomal phylogenetic tree
based on whole genome data.
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VariantDB : A flexible annotation and filtering portal for NGS data
Geert Vandeweyer 1,2,3, Lut Van Laer 1,2, Frank Kooy 2, Tim Van Den Bulcke 3
1) Department of Medical Genetics, University of Antwerp, Belgium
2) Department of Medical Genetics, University Hospital of Antwerp, Belgium
3) Biomedical Informatics Research Center Antwerp, University and University Hospital of Antwerp,
Belgium
E-mail: geert.vandeweyer2@ua.ac.be
Background
Causes of many hereditary disorders can be identified through detailed inspection of the patients'
genome using Next Generation Sequencing technologies. However, interpretation of the vast
amount of data, typically over 20.000 variants per patient, became a bottleneck for routine
implementation. To help streamlining NGS data analysis through various trimming, mapping,
annotation and filtering tools, centralised web-based interfaces, such as the Galaxy platform, have
been developed. Although Galaxy provides many bioinformatic tools, it lacks flexibility in
downstream annotation and filtering of the resulting variants.
Methods & Results
We built VariantDB, a versatile annotation and filtering database implemented in MySQL, with a
PHP/CGI frontend. Data added from Galaxy or FTP-upload are private, but can be shared with
collaborators. Automatic annotation by ANNOVAR and snpEff, includes allele frequencies
(1000g/ESP6500/dbSNPv135), functional impact (RefSeq/Ensembl/UCSC) and pathogenicity
predictions (SIFT/MutationTaster/PhyloP/Polyphen2/gerp++/LRT). Custom annotation sources can
be added to the xml-based configuration. Family relations allow filtering for de novo or segregating
variants. Results are presented in a tabular overview, with selected annotations and hyperlinks to
IGV, or exported as text files.
Conclusions
VariantDB allows on-demand variant filtering based on the implemented annotations. The intuitive
web-interface is a very powerful tool for the interpretation of NGS data.

URL: www.biomina.be/app/variantdb/
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Mosaic Homozygosity Reporter: A tool to detect low levels of revertant mosaicism in SNP array
data
Eugène T.P. Verwiel 1, Jayne Y. Hehir-Kwa 1, Eveline J. Kamping 1, Rolph Pfundt 1, Yvonne Heijdra
2, Tom Vulliamy 3, Inderjeet Dokal 3, Ad Geurts van Kessel 1, Nicoline Hoogerbrugge 1, Marjolijn
J.L. Ligtenberg 1, Marjolijn C.J. Jongmans 1, Roland P. Kuiper 1
1) Department of Human Genetics1, Radboud University Nijmegen Medical Centre, Nijmegen, The
Netherlands
2) Department of Pulmonology, Radboud University Nijmegen Medical Centre, Nijmegen, The
Netherlands
3) Centre for Paediatrics, Blizard Institute of Cell and Molecular Science, Barts and The London
School of Medicine and Dentistry, Queen Mary University of London, London, UK.
E-mail: e.verwiel@gen.umcn.nl
Revertant mosaicism occurs when the replacement of a pathogenic allele by the wild type allele
favors cell-survival. Especially within a tissue with high turnaround time this can lead to near
complete replacement of the pathogenic allele by the wild type allele. The presence of two copies
of one allele can be detected by genome-wide single nucleotide polymorphism (SNP) arrays.
However, when stretches of homozygosity are present in a small percentage of cells, like in the
early stage of revertant mosaicism, these are often missed by allelic algorithms.
Here we present Mosaic Homozygosity Reporter (MHR), a tool that facilitates the detection of low
levels of allelic imbalance using the genotyping data from SNP arrays. The method detects mosaic
stretches of homozygosity with high sensitivity by comparing the signal distribution of heterozygous
calls between telomeric regions.
We have applied this method on Affymetrix SNP6.0 array data from 19 individuals with an autosomal
dominant form of Dyskeratosis Congenita (DC), a multisystem disorder. MHR detected mosaic
reversion in blood cells of six patients with high significance (P<7.9·10-25). These data show that
revertant mosaicism may be a common event in autosomal dominant DC and that MHR is able to
detect low level mosaic stretches.
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RNA-seq priming bias and quality assessment of de-novo transcriptome assemblies
Carlos Villacorta Martin 1, Paul Passarinho 1, Michele Zaccai 2, Jorn de Haan 1
1) Genetwister Technologies B.V.
2) Ben-Gurion University of the Negev
E-mail: c.villacortamartin@genetwister.nl
High throughput cDNA sequencing (RNA-seq) allows identifying differentially expressed genes and
novel splice isoforms. The performance of these analysis relies largely on the quality of the
transcriptome assembly, which can be improved by an adequate pre-processing of the raw reads.
Priming bias occurs during the library preparation for the Illumina protocol, yet there is a lack of
consensus on the best way to deal with it. Furthermore, as the popularity of RNA-seq extends to
non-model organisms, measuring the quality of an assembly poses new challenges in the absence of
a reference genome.
Here we discuss the nature of the nucleotide composition bias that has been observed in Illumina
RNA-seq reads. We propose a simple methodology for comparing the quality of different assemblies
without a reference genome and we use it to measure the effect of different pre-processing filters
and assembly software on the quality of the transcriptome.
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Accurate and fast prediction of binding affinities for human Cytochrome P450s
Ruben Vosmeer, Margreet Terpstra, Mariël van Stee, Lovorka Perić-Hassler, Daan Geerke
Leiden/Amsterdam Centre for Drug Research, Division of Molecular and Computational Toxicology,
VU University Amsterdam, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands
E-mail: c.r.vosmeer@vu.nl
Predicting drug-binding affinities for Cytochrome P450s (CYPs) is crucial for anticipating toxic
effects of drugs and drug candidates, because CYPs are responsible for about 75% of drug
metabolism. Typically, high-throughput docking and scoring methods for affinity prediction
insufficiently account for the flexibility or plasticity of CYPs, resulting is low-accuracy predictions.
On the other hand, more expensive free energy calculations based on Molecular Dynamics (MD)
simulations often requires too much computational efforts for industrial purposes. Using Linear
Interaction Energy theory combined with a Boltzmann-weighting approach to select protein-ligand
conformations that contribute most to the binding affinity, we present here an accurate and
automated approach to computationally predict CYP binding affinities, without prior knowledge of
ligand-binding modes.
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Protein structure ensembles and experimental data; how do they relate?
Wim Vranken 1, Jurgen Doreleijers 2, Geerten Vuister 3
1) Vrije Universiteit Brussel, Brussels, Belgium
2) Radboud Universiteit, Nijmegen, the Netherlands
3) Leicester University, Leicester, UK
E-mail: wvranken@vub.ac.be
Background
Ideally, the in silico structure representation of a protein fully encompasses and represents all
experimental data that is available for it. Multiple conformations or uncertain experimental data
(such as from NMR) cannot be captured in a single structure, and ensembles of models are required.
But how do such NMR ensembles relate to the experimental data?
Methods
We compared the experimental NOE restraint data (as captured in the CS-NRG-CING database), as
well as chemical-shift derived information on mobility (from the RCI software) and on secondary
structure (from the d2D package), to information contained in the structure ensembles (such as
secondary structure information from DSSP).
Results
The relationships between core experimental data and coordinate-derived information are as
expected, but interesting trends are observed in how the secondary structure population (as derived
from chemical shifts) and NOE restraints relate to the secondary structure in the structure
ensemble. The mobility of residues also has a strong influence on the structure quality indicators.
Conclusions
The statistical relationship between experimental data and the derived structure ensembles can
now be examined due to the availability of large amounts of publicly archived data, and has
consequences for future validation and data interpretation methods.
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PayDIBI: Pay-as-you-go data integration for bio-informatics
Brend Wanders
Databases Group, Faculty of Electrical Engineering, Mathematics & Computer Science, University of
Twente
E-mail: b.wanders@utwente.nl
Background
Scientific research in bio-informatics is often data-driven and supported by biological databases. In
a growing number of research projects, researchers like to ask questions that require the
combination of information from more than one database. Most bio-informatics papers do not detail
the integration of different databases. As roughly 30% of all tasks in workflows are data
transformation tasks, database integration is an important issue. Integrating multiple data sources
can be difficult. As data sources are created, many design decisions are made by their creators.
Methods
Our research is guided by two use cases: homologues, the representation and integration of
groupings; metabolomics integration, with a focus on the TCA cycle.
Results
We propose to approach the time consuming problem of integrating multiple biological databases
through the principles of ‘pay-as-you-go’ and ‘good-is-good-enough’. By assisting the user in
defining a knowledge base of data mapping rules, trust information and other evidence we allow the
user to focus on the work, and put in as little effort as is necessary for the integration. Through user
feedback on query results and trust assessments, the integration can be improved upon over time.
Conclusions
We conclude that this direction of research is worthy of further exploration.
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Seeding algorithm based on sequence composition for fast and more accurate read mapping
Sven Warris, Michiel Noback, Jan-Peter Nap
Expertise Centre ALIFE, Institute for Life Science & Technology, Hanze University of Applied
Sciences, Groningen.
E-mail address s.warris@pl.hanze.nl
Background
Sequencing reads are mapped on a reference using sequence alignment software. The SmithWaterman algorithm is the best but not suitable for large scale read mapping. Seeding algorithms
are an alternative: they generally only perform the sequence alignment when it is considered to be
a valid location. Although very fast, the downside of these approaches is that they are known to
miss relevant locations.
Methods
Seeding based on sequence composition and a distance metric is defined here. The Euclidian
distance between sequences S and T is based on the relative sequence compositions : If S and T
align perfectly, the distance is zero and if the alignment of S and T is not perfect, the distance
increases while the alignment score decreases. A reference R is divided into a set of sequences T of
length 110% of the length of read S. These sequences are stored in an index based on their relative
sequence composition and retrieved only when the distance is within a given range.
Results and Conclusion
The procedure works well for both short and long reads. The number of alignments to be calculated
drops when the distance decreases, which speeds up the process considerably. Mathematically and
with examples we show that no relevant hits are missed.
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Metagenomics for biogas production
Ronald Wedema, Folkert Faber, Gert Hofstede, Michiel Noback, Sven Warris, Jan-Peter Nap
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Background
Next-generation sequencing technology allows culture-independent analysis of species and genes
present in a microbial community. Microbial communities are for example responsible for making
biogas. Our research focuses on the functional and taxonomic composition of bacterial communities
that are producing biogas to identify key players and possibly new enzymes in degradation of
biomass to biogas.
Methods
Four different samples of extracted total DNA from biogas installations fed with different feedstock
were analyzed. DNA sequence reads were assembled into larger continuous stretches (contigs) using
metagenomics assembly software. From all currently available bacterial and archeaeal genomes a
proteome reference database was constructed. Contigs were functional annotated and assigned to a
species. Phylogenetic trees of the taxonomic composition were created for each sample.
Results and Conclusions
Large numbers of reads and contigs could not be assigned to known species and are considered to
represent yet unknown species. Groups of organisms on a relatively high level of taxonomic
assignment are present in all samples, indicating a possible role in the biogas production pathway.
On individual species level, however, there are large variations between samples. The reason for
and impact of such differences in community composition is being investigated and combined with
laboratory tests on biogas production efficiencies and feedstock characteristics.
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Background
The application of standard visualization techniques to large-scale bacterial gene regulation
networks result in cluttered images that inhibit the prime benefits of visualization, i.e. the
detection of patterns and gain of insight. Alternative visual encodings and layout techniques may
help to overcome this issue.
Methods
We present a technique that compresses adjacency matrix representations of gene regulatory
networks. First, sub-networks with several topological features are detected and contracted.
Subsequently, the network is partitioned into layers. Finally, these layers are used to derive an
adjacency matrix with large areas void of regulations that are then removed by pushing parts of the
matrix inwards.
Results
The compression of an adjacency matrix results in a more space-efficient depiction where gene
regulations are concentrated and neatly-arranged to promote the detection of patterns in
regulation neighborhoods. In addition, motifs are localized and therefore easy to discern.
Conclusions
Visualization of gene regulation networks as compressed adjacency matrices offers several benefits
over the state of the art in network visualization, including easy detection of neighborhood patterns
and motifs.
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Paving the way for preventive genomics - The clinical validity of secondary use of genomic
information
Raf Winand 1,2, Kristien Hens 3, Yves Moreau 1,2, Jan Aerts 1,2
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Background
The last decade has seen a tremendous evolution in the field of clinical genetics. Whole genome
sequencing (WGS) comes with the unprecedented opportunity to obtain secondary information not
related to the original clinical question. In order for this information to prove useful, assessing the
clinical validity is crucial.
Methods
We tested genomes from the 1000 Genomes Project and publicly available genomes from Complete
Genomics. In these genomes we looked for mutations predicted to be damaging by SIFT and/or
PolyPhen.
Results
We found that depending on the dataset, 99.1-100% of healthy individuals had mutations in genes
associated with autosomal dominant disease or were homozygous for mutations associated with
recessive disease. In addition 43.5-44.9% of individuals were homozygous for mutations annotated as
disease causing for recessive diseases and all had mutations for dominant diseases. Further analysis
showed that many of these genes have multiple transcripts and the most common mutations fall
outside some of these transcripts.
Conclusions
These results show that interpreting WGS data outside of the original clinical question can be very
difficult and necessitates development of rigorous gene and variant filtering to only retain
mutations that have an effect on the phenotype.
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Fusing Kernels using Geometric Mean of Kernel Matrices
Pooya Zakeri 1,2, Yves Moreau 1,2
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Kernel methods are being more interesting object when we want to integrate heterogeneous
biological data. Various methods have been proposed to fuse multiple kernels instead of using a
single one. Most techniques for multiple kernel learning (MKL) focus on learning convex linear
combination of kernels. In addition to limitation of linear combination, going with such approaches
could cause losing potentially useful data information.
We propose a new technique that combines kernels in taking Geometric mean instead of convex
linear combination. Under the assumption of independence for the various data sources,
information from multiple probabilistic biological networks could be combined by the Noisy-Or
model. We show that geometric mean of positive definite kernels could be considered as the
equivalent of the Noisy-Or model for them.
We evaluate our method for classification on protein fold recognition data set composed of 12
different representative models of protein samples. In order to compare and test the performance
of our proposed approach and other MKL algorithms, we implemented ten MLK algorithms. The
overall accuracy on the protein fold recognition test set obtained by our method is about 75%.
This result indicates that our proposed approach is comparable to the results of best existing
approach.
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Signature gene sets for pediatric tuberculosis
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Tuberculosis (TB) causes high mortality and morbidity among children worldwide. There is a need
for discerning active from latent TB in children. Whole blood gene expression profiling has been
used to generate signature gene sets, however standard statistical methods fail to find robust
biomarkers.
To improve the biomarker selection procedure, we developed a Random Forest Recursive Feature
Elimination method (RF-RFE), which removes irrelevant genes the signature set using RF-based local
importance followed by selection of genes contributing to the correct classification of at least three
samples of the same class.
The procedure was used on gene expression profiles from TB patients, as well as from healthy
latently infected (LTBI) and uninfected (HC) Warao Amerindian children. A 116 gene signature set
allowed separation of the three classes with class errors of 11%, 22%, and 0% for the respective
classes of TB, LTBI and HC and also showed a similar significant predictive value for previously
published adult TB studies.
To identify a robust gene set that would hold stand among different ethnic populations, ten genes
that were highly discriminative in all literature datasets as well as in our dataset were selected
using RF and confirmed with qPCR in a separate cohort.
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Pheno2geno - Generating genetic markers and maps from gene expression phenotypes
Konrad Zych 1,2, Danny Arends 1, Ritsert C. Jansen 1
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Background
QTL mapping links genetic variation to phenotypic variation between individuals. It requires
polymorphic genetic markers positioned on a genetic map. The map can be saturated (or even
created de-novo) by markers derived from large gene expression datasets. We developed the
pheno2geno package that is able to handle large data and large computation burden.
Methods
Suitable phenotypes, showing clear differential expression in the founders, are selected by
pheno2geno. Then, mixture modeling is used to select phenotypes that show mendelian segregation
ratios and can be transformed into genetic markers for use in a map construction or saturation as
well as for genotype error control.
Results
As a showcase we demonstrate our method on 180 individuals from A. thaliana inbred population.
Pheno2geno is able to saturate the genetic map to the theoretical limit of resolution: we trace all
the informative recombinations in the population. A de novo map was also created with a quality
comparable to original map.
Conclusions
Pheno2geno offers: de-novo map construction, saturation of existing maps and detection of
genotype errors. The package shows high performance, can handle large volumes of molecular trait
data and enables improving QTL mapping results at no laboratory cost.

98

61
Insights into Structural Properties of Protein Interaction Networks and Impact of Gene Variants
Provided by an Automated screening Pipeline.
Hui-Chun Lu, F. Fraternali
Molecular Structure group at King's College, London
The objective of this project is a proteome-wide scale analysis of protein structure complexes
with Protein-Protein Interaction Networks (PPINs) as a tool to extract the association between
Human proteins. Numerous studies suggest the correlation between protein complex structures
and their functions. In particular, the three-dimensional (3D) properties of protein binding
interfaces are thought to embed key roles in mediating biological activities and in regulating
cellular functions. Biologically relevant information is also growing rapidly contributed by largescale
sequencing projects like the 1000 Genomes project. The effective integration of all these
data will pave the way to more accurate insights in the relationship between genotype and
phenotype. It is therefore timely to combine these insights with 3D structural knowledge by
studying the occurrences of gene variants on protein structures, for example, protein interfaces.
Especially, non-synonymous Single Nucleotide Polymorphisms (nsSNPs) could cause
conformational changes or failures in forming protein complexes. To accomplish a
comprehensive study on structure properties of SNPs, an automatic system pipeline is developed
to generate structure-integrated PPINs at protein domain level and map SNPs onto these
structures. The study of inter-domain disordered regions is included in this project, as recent
studies suggested their importance in regulating biological functions. The SNPs are classified by
their occurrence in different protein regions. Our results show a tendency of disease-related SNPs
to occur at interfaces. Moreover, among such SNPs, the one that are close to functional site also
tends to occur at interface region. This may suggest that disease-related SNPs are likely to be
functionally important. Lastly, the related diseases are also classified by the regions of their
causing SNPs. These results will be presented together with a detailed description of the
automated pipeline. A specific example of the B-Raf protein sub-network will be used in the
description.
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Biomedical text mining for disease gene discovery

12

Robert Ernst

Improving the quality of the tomato genome

13

Gökhan Ertaylan

Anoikis Resistance in Breast Cancer

14

Anna Faddeeva
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Fotis Georgatos

Assembly and annotation of the genomes of Folsomia candida and
Orchesella cincta and comparative genomics of stress defense
systems
HPCBIOS: HPC environments & customization for BIOinformatics
Software
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Enrico Glaab

Using network-based enrichment analysis to study complex
diseases

17

Jayne Hehir-Kwa

Searching for active transposable elements in the genome

18

Hannes Hettling

FluxEs 2.0: an R Package for Metabolic Flux Estimation in Carbon
Transition Networks

19

Saskia Hiltemann

Cloud-based tumor analysis in Galaxy

PhenoLink--a web-tool for linking phenotype to ~omics data for
bacteria: application to gene-trait matching for Lactobacillus
plantarum strains.
Structural variant detection in colorectal cancer
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Rob ter Horst
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Qingzhen Hou

Inferring information regarding the mechanism of centromeric
histone H3 incorporation in Plasmodium falciparum from ChIP-seq
data.
Specificity in Protein Interactions: sequence analysis of
homodimers
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Arnaud Installe

Integrating pre-processing and machine-learning in the Electronic
Data Capture software framework Clinical Data Miner
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Maarten van Iterson

Integrated analysis of microRNA and mRNA expression: adding
biological significance to microRNA target predictions
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Wiktor Jurkowski

Analysis of multiple SNV contextualized by protein structure and
sequence conservation.
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Griet Laenen

Integrating gene expression with protein interactions for drug
target prioritization
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Robin van der Lee

Genomic signatures of innate immunity predict new genes
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Multi-CLEVER: Allele-specific variant discovery in multiple, nextgeneration sequenced genomes
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Fast and accurate calculation of protein-protein interaction:
contribution of surface and interface residues
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Essential genes and pathways conserved among respiratory
pathogens
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CHDWiki data in RDF format
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Michiel Noback

Exploring genetic variation in potato
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MGcV: genomic context visualization to facilitate small-scale
genome analysis
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Gert Peters

Bioinformatics tools for the design of antisense RNA and aptamers
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Jan Polman

DECO: Data-integration for Endpoints, Cheminformatics and
Omics
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Dusan Popovic

A Simple Genetic Algorithm for Biomarker Mining
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Tessa Pronk

Unraveling toxicological mechanisms and predicting toxicity
classes with gene dysregulation networks.
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Ryo Sakai

Pipit: visualising structural variations
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Aracari: exploration of eQTL data through visualisation
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Venkata Satagopam

HIV Mutation Browser: Mutations from full text articles
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41

Alejandro Sifrim

Annotate-it: a Swiss-knife approach to annotation, analysis and
interpretation of single nucleotide variation in human disease

42

Daan Speth

Ion Torrent sequencing in environmental microbiology

43

Michiel Stock

Functional Annotation of Enzymes using Active Cleft Similarity
and Ranking Methods
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Ireneusz Stolarek

Quality Assessment of PacBio RS Data by Reference Mapping
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Daniel Theunissen

An integrative bio-informatics approach for analyzing arsenic
exposure on DNA methylation and gene expression
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Erik van Dijk

Including the hydrophobic effect in a cubic lattice model of
protein folding
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Anneleen van
Geystelen

AMY-tree: a tool to use whole genome SNP calling for Y
chromosomal phylogenetic applications

48

Geert Vandeweyer

VariantDB : A flexible annotation and filtering portal for NGS data

49

Eugene Verwiel

Mosaic Homozygosity Reporter: A tool to detect low levels of
revertant mosaicism in SNP array data.
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Carlos Villacorta
Martin

RNA-seq priming bias and quality assessment of de-novo
transcriptome assemblies

51

Ruben Vosmeer

Accurate and fast prediction of binding affinities for human
Cytochrome P450s
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Wim Vranken

Protein structure ensembles and experimental data; how do they
relate?
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Brend Wanders

PayDIBI: Pay-as-you-go data integration for bio-informatics

54

Sven Warris

Seeding algorithm based on sequence composition for fast and
more accurate read mapping

55

Ronald Wedema

Metagenomics for biogas production

56

Michel Westenberg

Matrix Visualization of Gene Regulatory Networks

57

Raf Winand

Paving the way for preventive genomics - The clinical validity of
secondary use of genomic information.

58

Pooya Zakeri

Fusing Kernels using Geometric Mean of Kernel Matrices

59

Aldert Zomer

Signature gene sets for pediatric tuberculosis

60

Konrad Zych

Pheno2geno - Generating genetic markers and maps from gene
expression phenotypes
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Hui-Chun Lu

Insights into Structural Properties of Protein Interaction Networks
and Impact of Gene Variants Provided by an Automated screening
Pipeline.
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