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Abstracts
Plenary Session 1
Variants in the genome, position and possible consequences
Joanne Traeger-Synodinos
Dept. of Medical Genetics, National and Kapodistrian University of Athens, Greece
In the human genome there are millions of variants at the DNA levels, many of which are
recorded in the numerous databases that exist. The numbers of variants have increased
exponentially in the last few years, due to advances in the technologies available for
genetic and genomic analysis, most notably massively parallel sequencing (or Next
Generation Sequencing, NGS). The precise interpretation of genome variants with respect
to human phenotypes, in a diagnostic setting, presents a major challenge, especially
when providing prognostic, therapeutic and reproductive advice. Variants at the DNA level
are generally categorized into groups, including single nucleotide substitutions within
genes and their flanking (regulatory) regions, lesions involving 20 bp or less (microdeletions, micro-insertions and combined micro-insertions/micro-deletions or indels),
repeat variations, gross aberrations (deletions, insertions and duplications extending from
10’s of bp’s up to thousands which disrupt and/or remove an entire gene or even a group
of contiguous genes) and finally complex rearrangements (inversions, translocations and
complex indels) involving extensive chromosome regions. This presentation will
summarize the potential consequences of many groups of variants, mainly focusing on
nucleotide variants, as these represent the category most frequently generated by NGS
technologies. Additionally, examples of unusual and rare variants will be presented,
highlighting many of the complexities associated with variant interpretation.
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Calling DNA variants - SNV, CNV & SV
Steven Laurie
RD Connect, CNAG-CRG, Barcelona, Spain
Despite having a high-quality reference genome, and the many advances that have been
made since this key goal was achieved, the accurate calling of all DNA variants in an
individual remains an unsolved problem. Here I will illustrate the challenges that have to
be overcome when attempting to identify diﬀerent classes of variant – SNV, short indels,
Copy Number Variants, and larger Structural Variants, the current state-of-the-art with
respect to the use of short-read (100-250nt) sequencing, and how we may expect things
to improve over the next few years.
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Plenary Session 2
Human Phenotype Ontology (HPO)
Sebastian Köhler
NeuroCure Cluster of Excellence, Charité Universitätsklinikum Berlin, Germany

Future medicine will require a precise understanding of genotype-phenotype
relationships. For this, precise disease groupings and patient cohort definition based on
clinical features and symptoms will be an essential part. I am going to introduce the
Human Phenotype Ontology (HPO) and give an abstract of the history of this resource. An
important part of the HPO are the logical, computer understandable definitions of clinical
features that enable phenotype analyses across diﬀerent species. An important active
area of development in the HPO is its opening to patients, that are usually not medical
experts. In order to increase HPO's usability and impact, we are assigning plain language
synonyms. We also aim to translate the HPO into several languages using a crowdsourcing approach. I will show how the HPO can be a mean to capture phenotype
information and how it can be used to interpret genomic variation using phenotype data.

Gene Variant Databases & Sharing Information
Martina Witsch-Baumgartner
Dept.für Medizinische Genetik, Molekulare und Klinische Pharmakologie
Medizinische Universität Innsbruck, Austria
Nowadays the possibility to perform analysis of the whole genome and of exomes yet in
routine diagnostic centres with the aim to find out the source of rare diseases, originates
in a tremendous amount of genomic data. These findings allow the linkage of many new
genes to rare diseases, but are also leading to a big amount of genetic variants which
cannot be interpreted. The underlying reason is that these new techniques to detect
genetic variants, are more easily feasible and results are relatively quickly available than
establishing and performing specific analysis methods to verify and prove a pathogenic
eﬀect of a variant. Therefore it is of paramount importance to ensure complete capture
and sharing of information on all genetic variation aﬀecting humans. This is by universal
collection of genetic variation data, including phenotype context, mostly by gene or
disease specific databases and some of them trying to give an interpretation on the eﬀect
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(classification) by use of literature, prediction models, population frequency, and
sometimes by functional evidence.
The aim of this talk is first; to give an overview about existing genetic databases regarding
molecular and medical genetics knowledge, population genetics and gene variants.
Second, some of these databases will be explained in more detail regarding their
performance and questions about quality will be raised. Third, the sharing of information
about variants will be discussed. Fourth item will be the application of databases in an
exemplary case of detected variants after massive parallel sequencing. Finally a solution
of gene variant data sharing will be shown at the national level in Austria.

Selection of Relevant Homepages
PubMed
OMIM
Genetics Home Reference
HGVS
HVP
Gene Reviews®
ExAC
ESP
IGSR:1000 Genomes Project Data
ClinVar
dbSNP
HGMD
LOVD
varSEAK
CFTR2
InSiGHT
BRCA exchange
Alamut
ClinGen Pathogenicity Calculator

www.ncbi.nlm.nih.gov/pubmed/
www.omim.org
ghr.nlm.nih.gov/
varnomen.hgvs.org/
humanvariomeproject.org
www.ncbi.nlm.nih.gov/books/NBK1116/
exac.broadinstitute.org/
evs.gs.washington.edu/EVS/
internationalgenome.org/data/
ncbi.nlm.nih.gov/clinvar/
www.ncbi.nlm.nih.gov/SNP/
www.hgmd.cf.ac.uk/
lovd.nl/3.0/home
varseak.bio/
cftr2.org
insight-group.org/variants/databases/
brcaexchange.org/
www.interactive-biosoftware.com/alamut-visual/
calculator.clinicalgenome.org/site/cg-calculator
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Plenary Session 3
The HGVS recommendations to describe sequence variants
Johan T den Dunnen, representing the HGVS/HVP/HUGO Sequence Variant Description
Working Group (SVD-WG)
The HGVS recommendations for the description of sequence variants have grown into a
standard accepted world-wide. The recommendations are available through the HGVS
website from www.HGVS.org/varnomen. The recommendations can be applied to
describe sequence variants on the level of DNA, RNA and protein in any organism. The
recommendations originate from the activities of a group of scientist interested in the
collection and sharing of variants that are associated with disease, the HUGO Mutation
Database Initiative (HUGO-MDI). Currently the recommendations are under the auspices
of the Human Genome Variation Society, the Human Variome Project and the HUman
Genome Organisation and are an IRDiRC “Recognized Resource”. A committee with
expert representatives from diverse groups of users, the HGVS/HVP/HUGO Sequence
Variant Description Working Group (SVD-WG), collects all requests for modifications/
additions. The SVD-WG decides whether changes are required and when appropriate
prepare a proposal which is set out for community consultation (open for 2-3 months). All
comments will be collected, discussed in the SVD-WG and a decision made. Either the
suggestion is accepted, and becomes a new recommendation, or it is modified and sent
around for a new round of community consultation. To allow users to track changes the
HGVS recommendations work with version numbers. When questions arise they can be
mailed to VarNomen@HGVS.org. Where necessary the pages will be modified to correct
errors or to clarify issues (e.g. by giving examples), with summaries listed on facebook
(www.facebook.com/HGVSmutnomen).
In this presentation the HGVS recommendations will be discussed, briefly. Specific
attention will be given to frequently occurring problems and the current issues/hot topics
which were recently open for community consultation.
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THE ACMG-AMP Classification System
Andreas Laner
MGZ - Medical Genetics Centre, Munich, Germany
Keywords: Variant interpretation, classification, ACMG Guidelines
The ever-growing number of laboratories serving more clinicians and testing more
patients for more genes than ever before is a direct result of the implementation of
modern, high-throughput DNA sequencing methods in routine diagnostics.
The concept behind this development is the promise that modern clinical molecular
diagnostics will have a tremendous impact on human health and disease and play a
central role in determining the consequences of genetic variation. That said, the
interpretation of sequence variants in terms of pathogenicity and/or clinical consequence
is a notoriously diﬃcult task and, owing to the complexity of gathering and interpreting
genetic data, individual scientists may disagree on the clinical interpretation of genetic
test results.
One major public eﬀort to promote consistency and accuracy in variant interpretation
among laboratories was launched in 2015 by the American College of Medical Genetics
and Genomics (ACMG) and the Association for Molecular Pathology (AMP), the so-called
ACMG-AMP guidelines for the interpretation of sequence variants. While the previous
ACMG recommendations from 2007 did not provide defined terms or detailed variant
classification guidelines, the revised guidelines from 2015 describe a 5-tier classification
system using diﬀerent types of variant evidence and strength based on informed expert
opinion and empirical data.
This presentation will cover the basic characteristics and applications of the ACMG-AMP
guidelines as well as some important limitations and pitfalls associated with the use of
these guidelines in certain circumstances. Other classification systems will also be briefly
discussed. Since recent publications report conflicting results in terms of consistent
variant classification using the ACMG-AMP guidelines, the problem of discordant interlaboratory variant classification will also be addressed.
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Viewing the data: the Ensembl browser and its possibilities
Benjamin Moore
Ensembl, EMBL - EBI, Cambridge, UK
The Ensembl genome browser [1] provides visualisation and analysis of integrated
genomic data, including genes, variants, comparative genomics and gene regulation, for
over 100 species.
The variation data presented in Ensembl can be categorised as either small sequence
variants with specific well-defined changes or larger structural variants, and includes
population frequency and phenotype data, where available. This variation data is
integrated from a large number of reference databases such as ClinVar, dbSNP, DGVa, the
NHGRI-EBI GWAS catalogue and OMIM as well as major biological projects including the
1000 Genomes project and GnomAD.
In addition to presenting variation data from reference databases, Ensembl annotates
variants with linkage disequilibrium values and predicted eﬀects on transcripts, proteins
and regulatory regions, including functional consequences and pathogenicity predictions.
These data can be accessed through our web browser, APIs (Perl and REST), MySQL and
FTP dumps. As well as presenting these variation data, Ensembl also provides the Variant
Eﬀect Predictor (VEP) toolkit for the analysis and interpretation of variation data.
[1] The Ensembl Genome Browser: www.ensembl.org
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Plenary Session 4
Viewing the data: the UCSC Genome Browser and its possibilities
Robert Kuhn
UCSC Genome Browser, UC Santa Cruz Genomics Institute, Santa Cruz, CA, USA
The UCSC Genome Browser is a visualization tool for reference genomes and their
annotations. Using the genome coordinates from a reference assembly as the x-axis,
anything that can be aligned to the genome may be displayed on the Browser. Covisualization of diverse datasets allows the researcher to pursue inspiration and curiosity
about genomic annotations and molecular scenarios. A wide variety of annotations are
available, including large and small variants relative to the reference, histone
modifications across many cell lines, gene expression data from human tissue and many
others. A new display mode called "multi-region" allows display of exons only, useful for
display of results from whole-exome sequencing experiments or RNA-seq.
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Variant Annotation: VEP
Benjamin Moore
Ensembl, EMBL - EBI, Cambridge, UK
The Ensembl Variant Eﬀect Predictor (VEP) [1] is an open source, free to use tool for the
annotation of genomic variants [2]. It is available as an easy-to-use web interface, as a
standalone perl script and can also be accessed through the Ensembl REST API.

The VEP supports the annotation of both sequence variants with specific and welldefined changes (including Single Nucleotide Variants (SNVs), insertions, deletions,
multiple base pair substitutions, microsatellites, and tandem repeats); and larger
structural variants, including those with changes in copy number or insertions and
deletions of DNA. Annotation of variants can be performed for data submitted in a
number of formats, including: HGVS notation, VCF and variant IDs. Therefore, the VEP
is suitable for variant interpretation in a wide range of study designs, from the analysis
of a single variant to the annotation of millions of variants identified in whole-genome or
whole-exome variant calls.

For all input variants, the VEP returns detailed annotation for predicted eﬀects on
transcripts, proteins and regulatory regions, including functional consequences and
pathogenicity predictions. For known or overlapping variants, allele frequencies,
phenotype information and literature citations can also be retrieved from the Ensembl
databases.
Recently, we have also developed Haplosaurus [3]; a tool that annotates consequences
taking multiple variants into account using phased genotypes from a VCF file. This
approach oﬀers an advantage over the VEP analysis, which treats each input variant
independently. By considering the combined change contributed by all the variant
alleles across a transcript, the compound eﬀects the variants may have are correctly
annotated, giving a personalised reference proteome.
[1] The Ensembl Variant Eﬀect Predictor: http://www.ensembl.org/Tools/VEP
[2] McLaren, W. et al. “The Ensembl Variant Eﬀect Predictor” Genome Biology 2016,
17:122 doi: 10.1186/s13059-016-0974-4
[3] Haplosaurus: https://github.com/Ensembl/ensembl-vep
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The RD-Connect platform
Steven Laurie
RD Connect, CNAG-CRG, Barcelona, Spain
RD-Connect is a platform for facilitating rare disease research through the integration of
sequencing and phenotypic data while incorporating associated biosample and patient
registry information. It is free and open to all bona fide researchers. RD-Connect
provides both a centralised data repository and a user-friendly online analysis system to
registered users. Whole-genome, exome and gene panel data are freely shared within the
platform, and transferred to the European Genome-Phenome Archive (EGA) for archival.
Raw genomic data is fully reprocessed through a standardised analysis pipeline, while
associated clinical information is recorded in PhenoTips using HPO, OMIM and ORDO
identifiers, allowing machine-readable querying. Results are made available through the
Genome-Phenome Analysis Platform, which enables filtering and prioritisation of variants
by location/gene(s) of interest, impact, pathogenicity, control population frequencies, and
phenotype-gene associations using Exomiser/OMIM. This allows researchers who have
shared their data with RD-Connect to perform entire primary genomic analyses of their
own patients online, and compare findings with other shared samples. The platform
facilitates external data sharing at various levels, including through the GA4GH beacon
network (www.beacon-network.org), and Matchmaker Exchange (MME,
www.matchmakerexchange.org). The platform currently contains several thousand cases
from partner projects such as NeurOmics (www.rd-neuromics.eu) and BBMRI-LPC
(www.bbmri-lpc.org). RD-Connect is free and open for contributions: https://platform.rdconnect.eu/.
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Plenary Session 5
Potential consequences on RNA level
Andreas Laner
MGZ - Medical Genetics Centre, Munich, Germany
Keywords: Splice acceptor and splice donor sites; branch sites; ESE / ESS, mRNA
stability; micro-RNA binding; translational folding / codon usage
Pathogenic DNA variants are classically thought of as truncating variants such as PTCs,
indels, single or multi exon deletions/duplications, canonical +/- 1, 2 splice sites or
missense substitutions that change the biological function of the gene product. However,
studies during the last two decades suggest that more than 15 % of disease-causing
variants exert their impact by altering the RNA structure and/ or function (mainly splicing)1,
4. This is a rather conservative estimate, as research has only recently begun to routinely
assess e.g. non-canonical splicing abnormalities, and there is evidence that many
unclassified genetic variants might turn out to result in splicing aberrations or other
consequences on the RNA level.
Variants of the canonical +/- 1, 2 splice sites are relatively easy to interpret and in most
cases can be regarded as pathogenic, although there are important exceptions like small
in-frame skipped exons containing no functional important domain. Changes in branch
sites and in exonic or intronic splicing enhancers and silencers (ESE/ESS and ISE/ISS) are
harder to identify and to interpret even though more elaborate analysis tools have been
developed in the last years. Variants aﬀecting one of these afore mentioned classes alter
the RNA structure by influencing pre-mRNA splicing.
On the other hand, even variants which do not influence the correct mRNA splicing can
have a vast biological eﬀect on RNA level for example by altering the mRNA stability
either directly or by changing binding sites of micro-RNAs. Finally, altering the speed of
translational folding via codon usage can influence the protein structure and subsequent
protein function.
This presentation provides an overview of diﬀerent functional mechanisms leading to
potentially deleterious consequences on the RNA level.
1 Baralle

et al. 2009. EMBO Rep 10(8):810-816

2

Diederichs et al.; 2016. EMBO Molecular Medicine 8(5):442-457

3

Scotti et al.; 2015. Nat. Rev. Genet. 17(5): 19-32

4

Ward & Cooper; 2010. J Pathol. 220(2): 152-163
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Potential Consequences on Protein level & tools that bridge the
evaluation of the consequences of variants between DNA and protein
Jana Marie Schwarz
NeuroCure Cluster of Excellence, Charité Universitätsklinikum Berlin, Germany

This talk will provide an introduction to the variant evaluation tools MutationTaster and
RegulationSpotter featuring brief explanations of their main functions, performance on
test data and current drawbacks. In the respective tutorial, we will give a detailed insight
into the usage of the software.
In the quest to elucidate the causes of rare genetic disorders, high-throughput DNA
sequencing techniques such as Whole Genome Sequencing (WGS) have found their way
into the realm of clinical medicine and routine diagnostics, with the UK100K project as the
best-known example.
Unfortunately, many tools for the evaluation of non-coding sequence alterations produce
numeric scores instead of human-readable annotations. However, the comprehensible
and understandable presentation of analysis results is a crucial aspect in the successful
translation of WGS from basic science to more patient-driven applications. We think that
software should allow clinicians and life scientists to actively participate in the data
analysis. Their knowledge about their patients’ phenotypes and biological concepts is
indispensable when it comes to a meaningful, in-depth interpretation of sequence
variants.
Our software MutationTaster is a web-based, user-friendly tool for the analysis of most
types of extragenic, coding and non-coding DNA sequence variants. It can handle single
base exchanges as well as insertions, deletions and indels located inside coding regions,
introns and UTRs. MutationTaster generates predictions with help of a Bayes classifier
that was trained with millions of common, harmless polymorphisms and known disease
mutations.
RegulationSpotter is a web-based tool for the user-friendly annotation and interpretation
of non-coding variants located outside of protein-coding transcript regions
(extratranscriptic variants). By assessing over 100 genome-wide annotations, it scores the
regulatory potential of individual variants and displays the underlying regulatory features
in an intuitive way.
With help of a dedictated query engine, VCF files from Whole Exome Sequencing or
Whole Genome Sequencing can be automatically analysed by MutationTaster and / or
RegulationSpotter and readily integrated into WGS analysis pipelines.
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We explicitly strive to enable both, clinicians and researchers, to analyze and better
understand their sequencing data. MutationTaster and RegulationSpotter are free to use
and do not require any software installation or registration.
You can find the tools at www.mutationtaster.org and www.regulationspotter.org

CNV detection from targeted next-generation panel sequencing data in
routine diagnostics
Anna Benet-Pagès
Medical Genetics Center, MGZ, Munich, Germany
Gene dosage abnormalities account for a significant proportion of pathogenic mutations
in rare genetic disease related genes. In times of next generation sequencing (NGS), a
single analysis approach to detect SNVs and CNVs from the same data source would be
of great benefit for routine diagnostics. However, CNV detection from exon-captured NGS
data has no standard methods or quality measures so far. The primary strategy of the
current bioinformatics methods is based on the read depth of coverage (DOC). The
underlying approach is to compare the diﬀerences of DOC in particular genomic regions
between case and control samples. The DOC-based methods can detect arbitrarily large
CNVs and can be eﬀectively used with paired-end, single-end, and mixed read data.
Numerous standalone and web-based tools are currently available to detect CNVs based
on diﬀerent features of NGS data, resulting in variation in the prediction of CNVs. The
advantages of incorporating more than one method for reliable prediction of CNVs, in
addition to the key factors which aﬀect enormous the sensitivity and specificity of CNV
pipelines (i.e. size of the reference set, kit performance, normalization approach, single
exon calls, variability in the capture eﬃciency of nearby genomic regions, and low
complexity sequences) will be here discussed. Furthermore, the experiences of copy
number analysis in 4000 patients with hereditary cancer or rare Mendelian diseases will
be presented. Overall parallel analysis of SNVs and CNVs from NGS capture data within a
routine diagnostic setting increased the diagnostic yield between 5% and 10%
depending on the associated phenotype.
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Plenary Session 6
Variants prioritization: annotation and filtration steps
Jean-Pierre Desvignes1, David Salgado1 and Christophe Béroud1,2
1

Aix-Marseille University, INSERM, GMGF, Marseille, France
Hôpital Timone Enfants, Laboratoire de Génétique Moléculaire, Marseille, France

2 APHM,

High-throughput sequencing technologies are now fundamental for the identification of
disease-causing mutations in human genetic diseases both in research and clinical
testing contexts. More than 1,000 genes have been identified between 2010 and 2014
thanks to the early adoption of Whole Exome Sequencing (WES) technologies. However,
despite this encouraging figure, the success rate of clinical exome diagnosis remains low
(between 23% and 26%). It is due to several factors such as technical factors, mutation
types, bioinformatics suite of tools and methods used to generate VCF files, and wrong
variant annotation and non-optimal filtration practices.
In this presentation, we will describe the critical steps of variant annotation and filtration
processes to highlight a handful of potential disease-causing mutations for downstream
analysis. We will review the key annotation elements to gather at multiple levels for each
mutation, and which systems are designed to help in collecting this critical information.
We will also describe filtration options, their eﬃciency and limits, and provide a generic
filtration workflow. Finally, we will demonstrate this workflow in action and highlight
potential pitfalls through a use case.
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Complex penetrance analysis on a model of CFTR locus specific eﬀorts
Milan Macek Prof. MD, DSc. (on behalf of the CFTR2.org consortium)
Department of Biology and Medical Genetics, Charles University and 2nd School of
Medicine, Prague, Czech Rep.; Milan.Macek.Jr@LFmotol.cuni.cz
The Clinical and Functional Translation of CFTR (CFTR2.org) project represents a novel
approach to clinical and functional annotation of mutations identified in disease-causing
genes. Phenotype and genotype information on approximately 40,000 cystic fibrosis (CF)
patients were collected from registries and large clinics. The disease-liability of the 200+
most frequently reported mutations was evaluated by means of a multistage process
which involved clinical (sweat chloride average), functional (expression in cell-based
systems) and epidemiological (mutation analysis in obligate heterozygotes) steps. The
results of this „penetrance analysis” can be consulted within in a dedicated freely
accessible website. Data originated by CFTR2 may be valuable in several facets of CF
care, including diagnosis, newborn screening, carrier testing, genotype/phenotype
correlation and mutation-specific therapeutics. In this regards, cystic fibrosis serves as
model for other locus specific eﬀorts aimed as assessing disease liability of variants
detected by next generation sequencing.
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Plenary Session 7
Functional testing: from lab tests to animal models
Johan T den Dunnen
Leiden Univ. Medical Center, Leiden, Netherlands
When a variant has been identified, after sharing/submission to a public repository, the
first question is “Has the variant been reported before?”, and if so “What were the
associated consequences, is the function of the gene (RNA, protein) aﬀected or not?”.
This presentation will focus on what one can do when the variant has not been reported
before or when the associated consequences are not sure. What possibilities are their to
test the functional consequences and how reliable are the results obtained.
One of the most valuable sources of information that can be used is of course material
from the individual analysed. Depending on the material available (tissue, cells, protein,
RNA, etc.) a range of experiments can be performed to check the functional
consequences incl. a detailed RNA (Northern blot, RT-PCR) or protein (enzyme activity,
Western blot, immuno histochemistry) analysis. When living cells are available
complementation assays can be performed or tissue-specific processes studied after
generating IPS cells and lineage specific culturing. When no living cells are available
expression constructs can be generated and used to test the functional consequences in
diﬀerent cell systems, incl. cells where the endogenous gene copy was knocked out. A
more demanding approach is the use and construction of animal models (mouse/rat,
zebra fish, Drosophila, C.elegans, yeast, etc.). Finally, some general public repositories
will be mentioned, incl. the Protein Atlas (www.proteinatlas.org), which can be used
helping to address the question: “What are the consequences of the variant”.

19

Plenary Session 8
NGS in Diagnostics: a practical example in hereditary cardiomyopathies
Norambuena P.1, Tomasov P.2, Krebsova A.3, Stara V.4, Votypka P.1, Veselka J.2, Macek M
Jr1.
(1) Department of Biology and Medical Genetics, 2nd Faculty of Medicine, Charles
University and Motol University Hospital, Prague, Czech Republic.
(2) Department of Cardiology, Motol University Hospital, Prague, Czech Republic.
(3) Department of Cardiology, Institute of Clinical and Experimental Medicine Prague,
Czech Republic.
(4) Children's Heart Centre, 2nd Faculty of Medicine Charles University and Faculty
Hospital Motol, Prague, Czech Republic.
Sudden cardiac arrest (SCA) is a condition in which the heart suddenly and unexpectedly
losses its function. SCA may be caused by an inherited cardiac disease and it may lead
to sudden cardiac death (SCD) if not treated on time. Cardiomyopathies (CMs) are
diseases of the heart muscle, and they are one of the leading causes of SCD and the
leading reason for heart transplant. Early diagnostic of a CM contributes to improve the
management of patients at risk of SCD. Since hereditary CMs are mainly transmitted in an
autosomal dominant manner, genetic testing in asymptomatic family members is crucial
in the prevention of new SCD cases. CMs are characterized by high heterogeneity,
incomplete penetrance and variable expression even within families. The use of Nextgeneration sequencing (NGS) has increased the detection of pathogenic mutations in
CMs patients but also brings an increase of variants with unknown significance. In this
lecture, we would like to share our experiences in genetic testing for CMs patients with
special focus on hypertrophic cardiomyopathy.
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Practical Workshops

Introduction to variant interpretation and reporting
using an integrated analysis pipeline
Monday 6 Nov. 17:30 - 19:00
& Wednesday 8 Nov. 11:45 - 13:15
Ruth Burton
QIAGEN Advanced Genomics, Manchester, UK
Interpretation and reporting of variants can be a labour intensive and time-consuming
process. A range of diﬀerent software applications are required to detect and filter
variants. Information from a variety of sources can be needed to accurately classify each
variant. This process can be further complicated if there is a need to provide up to date
information on relevant treatments and clinical trials. The final step of collating and
summarising findings in a clinical report completes the process.
In this hands-on workshop we will use Ingenuity Variant Analysis (IVA) and QIAGEN
Clinical Insight Interpret (QCI I) to prioritise, filter, classify and report variants. In the
workshop we will be analysing a variety of diﬀerent sample types and discussing how to:
•
•
•
•

Generate a list of clinical relevant variants from WES, trios and targeted panels
Use the ACMG Guidelines for classification in an automated setting
Associate variants with up-to date treatment and clinical trial information
Generate a comprehensive clinical report
21

The combination of these two powerful software packages in a single pipeline enables the
reliable identification and classification of clinically relevant variants
Please join us for this interactive hands-on session. If you wish to try IVA and QCI I
during the workshop please bring a laptop: datasets and logon will details be provided.
Delegates are welcome to bring their own vcf files for analysis.
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Clinical diagnostics with automated SNP and CNV
analysis using varvis™
Tuesday 7 Nov. 16:15 - 17:45
The Limbus Course materials are available on the VEPTC
Website.
varvis is a cloud-based software platform supporting the complete NGS workflow from
raw data up to medical interpretation. It includes a highly automated workflow for SNP/
Indel and CNV analysis and an interface for laboratory information systems. varvis allows
you to build your own comprehensive local variant database from the entire analysis
history, but also leverages the variant data from all users to help solving complex cases
based on WES or WGS. varvis is a CE approved medical device class I and compliant
with EU regulations. For more information, please visit www.varvis.com
Limbus Medical Technologies is a medical device manufacturer based in Rostock,
Germany. Our goal is to facilitate and accelerate clinical diagnostics. The varvis genomics
platform has been designed from the beginning with the medical application in mind.

What to expect from this workshop:
•

Get to know varvis from the perspective of a human geneticist presenting real case
studies from routine diagnostics
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•

Learn how to use varvis in an interactive hands-on practical session

•

Puzzle over a real case, play with the data and the software and see how varvis
supports the decision-making process

•

The presented examples include
•

SNV and CNV analysis of large NGS panels and WES trios

•

Automated inheritance filtering

•

Utilization of the built-in variant database as well as of our data
network allexes™

To register for the workshop and to receive detailed and up-to-date information, please
visit https://www.varvis.com/veptc
Technical requirements:
•

Bring your own laptop with Wifi

•

Have a current version of Firefox (version 55) or Chrome (version 60) installed

Background information
About the presenter:
Dr. Konrad Platzer is a clinical expert and medical doctor with a specialty in Human
Genetics. He currently serves as the head of panel diagnostics, the head of diagnostics
and counseling for Hereditary and Ovarian Cancer and as a genetic counselor at the
Institute of Human Genetics at the University Hospital in Leipzig. His main interests lie in
NGS diagnostics, clinical genetics, and epilepsy genetics as well as in teaching medical
students.
About the Institute of Human Genetics at the University hospital of Leipzig
The Institute of Human Genetics at the University Hospital of Leipzig (http://
humangenetik.uniklinikum-leipzig.de) has a research focus on genetics of Epilepsy,
developmental delay and Cystic Fibrosis. Members of the group were the first to
implement NGS panels in epilepsy diagnostics. As of now, 800 NGS panels with a variety
of medical indications and over 200 trio exomes of syndromic or non-syndromic patients
are analyzed every year. The Institute is one of the establishing members of the
international Consortium to Systematically Elucidate the Genetics of Neurodevelopmental
Disorders (GND, www.gnd.academy).
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The development of the varvis platform has always been driven by the needs of clinicians
and has been performed in close collaboration with the Institute of Human Genetics in
Leipzig.
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Reach clinical-grade analytical performance with
SOPHiA GENETICS’ solutions: presentation of
concrete cases on targeted and exome
applications
Monday 6 Nov. 15:45 - 17:15
& Tuesday 7 Nov. 14:15 - 15:45
The SOPHiA GENETICS Course materials are available for
download on the VEPTC Website.
Next-Generation Sequencing (NGS) has become an established and aﬀordable
technology in clinical diagnostics. However, processing and analyzing genomic data is
challenging and complex. Although multiple tools for NGS data analysis has emerged in
the past decade, many questions remain about how well these diﬀerent tools may
accurately identify DNA alterations. This workshop aims to present how SOPHiA™ AI
through SOPHiA DDM® platform allows clinicians to reach clinical-grade analytical
performance required in routine diagnostics for any NGS-based tests. We will show how
concretely SOPHiA universal technology powers your clinical genomic tests and how
SOPHiA DDM platform facilitates the visualization and interpretation of genomic variants.
Moreover, we will describe how the OncoPortal™ provides actionable information for
solid tumors and hematological malignancies by associating human gene variants,
disease, available treatments and clinical trials.
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Ensembl
Monday 6 Nov. 15:45 - 17:15
& Monday 6 Nov. 17:30 - 19:00
The Ensembl Course materials are available for download on the
VEPTC Website.

UCSC Genome Browser
Tuesday 7 Nov. 14:15 - 15:45
& Wednesday 8 Nov. 14:15 - 15:45
The UCSC Genome Browser Course materials are available for
download on the VEPTC Website.
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ACMG Variant Classification
Monday 6 Nov. 15:45 -17:15
& Tuesday 7 Nov. 16:15 - 17:45
ACMG Variant Classification Workshop Materials are available for
download on the VEPTC Website.
The dramatic progress in sequence technology, lab automatization, and bio-IT data
processing in the last decade have made high-throughput sequencing applications the
standard method in molecular diagnostics. Especially since the development of benchtop
NGS machines, almost every lab is able to create vast amounts of high-quality sequence
data. However, there are still some important hurdles to overcome, especially the
interpretation of sequence variants with a view to providing accurate clinical
recommendations, a process that is considered a major bottleneck. Evaluating the
pathogenicity of a variant is challenging given the plethora of types of genetic evidence
that laboratories need to consider. Deciding how to weigh each type of evidence is
diﬃcult, and standards have been set. In 2015, the American College of Medical Genetics
and Genomics (ACMG) and the Association for Molecular Pathology (AMP) published
guidelines for the assessment of variants in genes associated with Mendelian diseases.1
The workshop will be divided into a practical part and a short demonstration.
Part A: Practical variant classification (75 min)
In the first part of the workshop, variants from real cases will be discussed collectively.
The variants have been selected to represent ACMG-AMP categories that are known to
be challenging in the classification process.(2, 3, 4, 5) These variants will been sent to
workshop participants in advance of the VEPTC.
To make the workshop more interactive, participants are asked to collect evidence for and
against pathogenicity for each case and to prepare possible questions and remarks in
advance. During this practical section, diﬀerences, diﬃculties, and discrepancies in
variant classification will be discussed for all five cases.
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Part B: Demonstration of inter-laboratory concordance in variant classification (15
min)
In the second part of the workshop, we will discuss recent publications that reported
conflicting results with regard to consistent variant classification using ACMG-AMP
guidelines. Furthermore, the problem of discordant inter-laboratory variant classification
will also be addressed.
Aim:
In this workshop, participants will be familiarized with the basic application of ACMGAMP classification guidelines as well as with the limitations and pitfalls inherent in
working with these guidelines on a daily basis. The following points will be addressed
during the presentation:
•

Familiarization with ACMG-AMP guidelines and their basic application

•

Identification of classes of variants not covered by ACMG-AMP guidelines or which
must be considered cautiously (e.g. variants with low/moderate penetrance)

•

Identification of top error-prone sources of information (e.g. ClinVar OMIM entries, old
data sources, research submissions, disease areas, etc.) (5)

•

Awareness of various possible errors in variant interpretation

•

Awareness of the fact that a considerable number of inter-laboratory discrepancies in
variant classification are the result of a lack of published internal data, special biology,
and old or invalid data sources.(2, 3, 4, 5)

Recommended Literature:
(1) Richards et al.; Genet. Med. 17, 405–424, 2015
(2) Amendola et al.; Am J Hum Genet 98, 1067–1076, June 2, 2016
(3) Harrison et al.; Genet. Med. Mar 16 (PMID: 28301460)
(4) Pepin et al.; Genet Med. Jan; 18(1) 20-4 (PMID: 25834947)
(5) Yang et al.; Genet. Med. Jun 1 2017 (PMID: 28569743)
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HGVS, HPO and Submitting Data
Monday 6 Nov. 17:30 - 19:00
Johan T. den Dunnen

DNA diagnostics is based on sharing data on genes, variants and phenotypes. Without
sharing DNA diagnostics would not be possible. When we do not share, we do not oﬀer
optimal care to the patients and their families.
In this workshop the focus will be on how data can be shared using the LOVD platform as
a test case. After a short introduction on the standards used, HGVS variant description
and Human Phenotype Ontology (HPO), we walk through a submission to the LOVD
platform. After this introduction participants are encouraged to perform submissions
themselves. For this they can either bring their own data (published or unpublished) or we
will give them a recent publication with the request to submit the data reported to the
database.
Towards the end of the workshop the topics of submitting larger sets of data will be
discussed (batch submission) as well as the topic of automated data submission. Using
the hands-on experience obtained through the workshop participants will be set to share
all data form their laboratory.
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Using the RD-Connect Genomics platform to
solve rare disease cases
Tuesday 7 Nov. 14:15 - 15:45
& Tuesday 7 Nov. 16:15 - 17:45
In this hands-on practical session participants will use the RD-Connect GenomePhenome Analysis Pipeline to perform candidate variant filtration and prioritisation of real
rare disease variant datasets. We will show how phenotypic information is seamlessly
integrated into the platform, allowing variant prioritisation using tools such as Exomiser.
Participants will also be shown how the process of identifying causative variants can be
addressed from a number of diﬀerent perspectives, e.g. using candidate gene lists,
generating customised gene-lists on the fly, analysis of regions of long runs of
homozygosity etc.
Materials for the workshop will be provided as Google Docs. There is no software to
download, but we do advise that the platform has been optimised for use with eiher
Firefox or Google Chrome browsers, and may not work perfectly with Internet Explorer.
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VarAFT & UMD Predictor
Wednesday 8 Nov. 11:45 - 13:15
& Wednesday 8 Nov. 14:15 - 15:45
Downloads for this Workshop are required BEFORE you arrive at
the Course and may be found on the VEPTC Website.
You MUST do this to participate do not leave until you get to
the hotel it takes some time to download!
Christophe Béroud1,2 and Jean-Pierre Desvignes1
1 Aix-Marseille University, INSERM, GMGF, Marseille, France
2 APHM, Hôpital Timone Enfants, Laboratoire de Génétique Moléculaire, Marseille, France
This practical course will allow users to discover two new bioinformatics systems
dedicated to the management of NGS data through use cases. The first system is the
Variant Annotation and Filtration Tool (VarAFT), which is a freely available standalone
multiplatform application for research with an easy to use graphical interface. It provides
an overview of experiments’ quality, annotates, and allows the combination and filtration
of data stored in VCF, gVCF, ANNOVAR or CLCBIO files. Data from multiple samples or
individuals may be combined to address diﬀerent Mendelian mode of inheritance
(autosomal recessive, autosomal dominant, X-linked dominant or recessive and Y-linked
also known as holandric), Population Genetics or Cancers. The advanced filtration
features allow various granularity searches (mutation, gene, tissue expression) and the
incorporation of data from unique systems such as the Human Splicing Finder (HSF impact on splicing signals) and UMD-Predictor (see below) makes it one of the most
eﬃcient NGS data analysis systems.
During the course, we will also review the applications of the second system: the UMDPredictor system, which is today the most eﬃcient pathogenicity prediction tool for
missense and synonymous mutations (evaluation on >140,000 annotated variations), the
fastest one (3 to 20 times faster) and the more specific, resulting in a shorter list of
candidate pathogenic mutations (25% to 50% of other tools on average), thus reducing
downstream validation analysis.
Downloads required BEFORE you arrive at the meeting.
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Analysing DNA sequence variants with
MutationTaster and RegulationSpotter
Wednesday 8 Nov. 11:45 - 13:15
& Wednesday 8 Nov. 14:15 - 15:45

This talk will provide an introduction to the variant evaluation tools MutationTaster and
RegulationSpotter featuring brief explanations of their main functions, performance on
test data and current drawbacks. In the respective tutorial, we will give a detailed insight
into the usage of the software.
In the quest to elucidate the causes of rare genetic disorders, high-throughput DNA
sequencing techniques such as Whole Genome Sequencing (WGS) have found their way
into the realm of clinical medicine and routine diagnostics, with the UK100K project as the
best-known example.
Unfortunately, many tools for the evaluation of non-coding sequence alterations produce
numeric scores instead of human-readable annotations. However, the comprehensible
and understandable presentation of analysis results is a crucial aspect in the successful
translation of WGS from basic science to more patient-driven applications. We think that
software should allow clinicians and life scientists to actively participate in the data
analysis. Their knowledge about their patients’ phenotypes and biological concepts is
indispensable when it comes to a meaningful, in-depth interpretation of sequence
variants.
Our software MutationTaster is a web-based, user-friendly tool for the analysis of most
types of extragenic, coding and non-coding DNA sequence variants. It can handle single
base exchanges as well as insertions, deletions and indels located inside coding regions,
introns and UTRs. MutationTaster generates predictions with help of a Bayes classifier
that was trained with millions of common, harmless polymorphisms and known disease
mutations.
RegulationSpotter is a web-based tool for the user-friendly annotation and interpretation
of non-coding variants located outside of protein-coding transcript regions
(extratranscriptic variants). By assessing over 100 genome-wide annotations, it scores the
regulatory potential of individual variants and displays the underlying regulatory features
in an intuitive way.
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With help of a dedicated query engine, VCF files from Whole Exome Sequencing or Whole
Genome Sequencing can be automatically analysed by MutationTaster and / or
RegulationSpotter and readily integrated into WGS analysis pipelines.
We explicitly strive to enable both, clinicians and researchers, to analyze and better
understand their sequencing data. MutationTaster and RegulationSpotter are free to use
and do not require any software installation or registration.
You can find the tools at www.mutationtaster.org and www.regulationspotter.org
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Poster Abstracts
POS 01 - Monday 10:15 - 11:00

Analysis of 31-year-old patient with
SYNGAP1 gene defect points to importance of
variants in broader splice regions and reveals
developmental trajectory of SYNGAP1-associated
phenotype
M. Hančárová1*, D. Prchalová1, M. Havlovicová1, K. Šterbová2, V. Stránecký3, K.
Procházková1, Z. Sedláček1
1Department Of Biology And Medical Genetics, 2nd Faculty of Medicine, Charles
University and University Hospital Motol, Prague, Czech Republic
2Department Of Child Neurology, 2nd Faculty of Medicine, Charles University and
University Hospital Motol, Prague, Czech Republic
3Institute of Inherited Metabolic Disorders, 1st Faculty of Medicine, Charles University and
General University Hospital, Prague, Czech Republic
* Corresponding address: miroslava.hancarova@lfmotol.cuni.cz
We report an adult female patient with severe intellectual disability, severe speech delay,
epilepsy, autistic features, aggressiveness, sleep problems, broad-based clumsy gait and
constipation. Whole exome sequencing identified a de novo mutation in
the SYNGAP1 gene. The variant was located in the splice donor region of intron 10 and
replaced G by A at position +5 of the splice site. The variant was predicted in silico and
shown experimentally to abolish the regular splice site and to activate a cryptic donor site
within exon 10, causing frameshift and premature termination. This observation
underscores the importance of considering not only variants in the canonical splice
dinucleotides GT and AG, but also in broader splice regions. Clinical picture of the patient
corresponded well with the characteristic SYNGAP1-associated phenotype observed in
previously reported patients. However, our patient was 31 years old which contrasted
with most other published SYNGAP1 cases who were much younger. She had a
significant growth delay and microcephaly although both features normalised later. The
cognitive and language performance remained at the level of a one-year-old child even in
35

adulthood and showed a slow decline. Myopathic facial features and facial dysmorphism
became more pronounced with age. Although the gait of the patient was unsteady in
childhood, more severe gait problems developed in her teens. While the seizures
remained well-controlled, her aggressive behaviour worsened with age and required
extensive medication. These observations contribute to the knowledge of the
developmental trajectory in individuals with SYNGAP1 gene defects. Supported by grant
17-29423A from the Ministry of Health of the Czech Republic.

POS 02 - Monday 10:15 - 11:00

A novel splice site variant in the NF1 gene
resulting in an unexpected transcript
Bendová Š.*, Vlčková M., Mušová Z.
Department of Biology and Medical Genetics, Charles University Second Faculty of
Medicine,
V Úvalu 84, 150 06 Prague 5, Czech Republic
* Corresponding address: sarka.bendova@lfmotol.cuni.cz
Neurofibromatosis type 1 (NF1, MIM 162200) is an autosomal dominant disorder aﬀecting
about 1 of 3000 live births. NF1 involves many cell types and organs, and is associated
with an increased risk of malignancy, predominantly of the central and peripheral nervous
system. The large size and complexity of the NF1 gene and the absence of mutation
hotspots make the mutation analysis diﬃcult. To date, more than 2643 diﬀerent NF1
mutations have been registered in HGMD. The wide clinical variability observed among
NF1 patients cannot be explained by NF1 mutations alone. A general estimation is that
changes in the levels of protein isoforms are caused by splicing defects which may be
associated with 30% of all pathogenic NF1 mutations. To achieve a higher mutation
detection rate we implemented next generation sequencing and the RNA-based assay.
We identified a novel variant, NM_000267.3 c.1845_1845+25del which removes the last
base of exon 16 and the consecutive 25 bases of intron 16 in a patient with a mild form of
NF1. In silico analysis predicted the inactivation of the normal splice donor site in intron
16 (which is virtually removed by the deletion) but it failed to predict the splicing pattern of
the mutated allele. Our experimental data obtained using the RNA-based assay indicate
the existence of two diﬀerent NF1 transcripts from the mutated allele, one with exon 16
frameshift deletion, and one unexpected transcript with in-frame deletion caused by
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skipping of exons 15-16. The mechanism of this complex splicing pattern is unclear. The
presence of the in-frame transcript may cause the milder phenotype observed in the
patient.

POS 03 - Monday 10:15 - 11:00

Genetic variation of the ATP-binding cassette
transporter gene ABCG2 in the Polish population
Słomka Marcin1, Korycka-Machała M.2, Dziadek J.2, Strapagiel D.1*
1 Biobank Lab, Department of Molecular Biophysics, University of Łódź, 14 Pilarskiego
St., 90-231 Łódź
2 Institute for Medical Biology of the Polish Academy of Sciences, 106 Lodowa St.,
93-232 Łódź
*dominik.strapagiel@biol.uni.lodz.pl
PURPOSE: The main objective was studying the genetic variation of the human ATPbinding cassette transporter gene ABCG2 for 190 healthy probands representing the
Polish population. ABCG2 playing protective role as one of the key eﬄux transporters of
xenobiotics and their metabolites. Polymorphisms in the gene are involved in cancer
therapy eﬃciency, determine increased risk of diseases like gout and even are
responsible for blood group system called Jr(a-).
METHODOLOGY: The scanning of 14 coding exons with short intron flanking sequences
from total 16 exons was performed using High Resolution Melting method (HRM) and
obtained genetic variation was verified by Sanger sequencing.
RESULTS: 16 polymorhisms have been found including the one novel (c.706C>A;
p.Arg236Arg). 7 variants were located in coding sequence and one of them, STOP variant
(c.706C>T; p.Arg236Ter; rs140207606), is reported as involved with uncommon Jr(a-)
phenotype. One rare deletion variant was also detected (c.690-19_690-17delTGT;
rs753256449). We performed linkage disequilibrium and haplotype blocks analysis for
ABCG2 in the Polish population and compare all the results with other population data.
We established frequency of significant polymorphisms in pharmacogenomics including
also these ones determining increased risk of gout and blood group Jr(a-) phenotype.
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CONCLUSION: Few found genetic polymorphisms, especially clinically involved, implies
that ABCG2 sequence is evolutionary highly conserved suggesting its important functions
in organism.
This study was supported by POIG grant 01.01.02-10-005/08 TESTOPLEK from the EU
through the European Regional Development Fund.

POS 04 - Monday 10:15 - 11:00

Interpretation of DNA variants identified by
massive parallel sequencing of oncological gene
panels
Michal Konečný*, Renáta Michalovská, Michaela Hrabíková, Zdenka Vlčková
GHC GENETICS, Krakovská 8, 110 00 Praha
Corresponding author: Michal Konecny, konecny@ghc.cz
Routine genetic testing of complex hereditary oncological syndromes becomes nowadays
covered mainly by next generation sequencing (NGS)/massive parallel sequencing (MPS)
techniques. The main focus is to analyze associated panel of genes when hundreds of
genes may be read and thus several syndromes with similar phenotype may be
diﬀerentiated and diagnosed. Characteristic features of these complex hereditary
disorders are higher presence of specific tumors in the family history, presence of
bilateral, contralateral and duplex tumors, presence of cancer at younger age than in the
general population and also usually specific histopathological features of the tumors.
Actually, massive parallel sequencing in the field of clinical diagnostics brings mainly a lot
of positives, however on the other hand also complications concentrated in the group of
bioinformatical analysis of huge amount of genetic data and clinical interpretation of these
data. Identification of several pathogenic and potential pathogenic DNA variants in one
sample may also frequently represent an interpretational issue. However, not only NGS
data complicate the overall analysis, it is also cooperation between more proficiencies in
the multidisciplinary professional teams, manly bioinformaticians, molecular geneticists
and clinical geneticist. In the case of health care of the patient also oncologists,
gynecologists and many other can be taken into the account.
Bioinformatician solves predominantly the problems of raw sequencing data processing,
it correct alignment to the reference genome, review the coverage of particular amplicons
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of panel genes and also annotation of identified variants. Molecular geneticist continues
with the sorting and biological interpretation of detected DNA variants and of complex
genotype of analyzed individual. Clinical geneticist should interpret all the information in
the treated pattern to the patient with the impact to the phenotype of individual and to the
clinical preventive management of individual at genetic risk.
In our presentation, we would like to focus on the interpretation of controversial or
unknown DNA variant from the molecular genetics point of view. We would present the
results of massive parallel sequencing data of families with hereditary oncological
syndromes (e.g. hereditary breast ovarian cancer, Lynch syndrome) and the way how we
interpret the DNA variants to clinical geneticists with usage of accessible databases, or
prediction software.

39

Sponsors & Exhibitors
QIAGEN is the leading global provider of Sample to Insight solutions to transform
biological materials into valuable molecular insights. QIAGEN sample technologies
isolate and process DNA, RNA and proteins from blood, tissue and other materials.
Assay technologies make these biomolecules visible and ready for analysis.
Bioinformatics software and knowledge bases interpret data to report relevant,
actionable insights. Automation solutions tie these together in seamless and costeffective molecular testing workflows.
Further information can be found at http://www.qiagen.com.

Limbus Medical Technologies is a medical device manufacturer based in Rostock,
Germany. Limbus offers VARVIS, a cloud-based software platform for clinical
diagnostics. VARVIS supports the entire NGS workflow from raw data up to medical
interpretation. It includes a highly automated workflow for SNP/Indel and CNV analysis
and an interface for laboratory information systems. VARVIS allows you to build your
own comprehensive local variant database from the entire analysis history, but also
leverages the variant data from all users to help solving complex cases based on WES
or WGS. VARVIS is a CE approved medical device class I.
Contact: ben.liesfeld@limbus-medtec.com
www.limbus-medtec.com

Sophia Genetics is the Global Leader in Data Driven Medicine. Our team of talented
experts in Clinical Genomics, Machine Learning and Bioinformatics built Sophia
DDM®, the most advanced analytical platform for clinical diagnostics. Over 175
leading hospitals use Sophia DDM® to diagnose thousands of patients each week in
the fastest, most accurate possible way.
www.sophiagenetics.com

Phenosystems develops user-friendly software since 2002. Our software suite for
molecular diagnostics comprises: GensearchNGS dedicated to mutation detection
and interpretation on data from gene panels, Whole Exomes and Whole Genome;
Gensearch for capillary DNA sequencing, GensearchGT Genotyping, GensearchHIV.
Major features are high specificity and sensitivity, advanced tools to support variant
interpretation (frameshifts, splice prediction, connection to LSDBs and to
CaféVariome.org). All have been developed together with leading diagnostics
laboratories in Europe, packing powerful tools in an extremely user friendly interface.
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Contact email: contact@phenosystems.com
www.phenosystems.com

