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1 Introduction

Among next-generation sequencing technologies, targeted sequencing of all coding regions (called whole 
exome sequencing (WES)), has become in few years the strategy of choice to identify coding allelic variants 
for rare human monogenic disorder  [1]. The  exome-scale sequencing approach  is a revolution in medical 
genetics  history,  impacting both  fundamental  research,  and diagnostic  methods  leading  to  personalized 
medicine [2]. Numerous algorithms and software tools have been developed to ensure the variant discovery 
from WES data. Workflows include steps for quality control of the short reads, alignment of the short reads 
to a reference sequence, variation calling, and variation annotation [3].  However, the challenge remains in 
efficient filtering strategies to find,  among ~20,000 candidates obtained  per individual exome,  the causal 
variant(s)  and  the  corresponding  gene  for  a  rare  disease  [4].  For  this  purpose,  additional  analytical 
procedures which implicate various heuristic  filtering strategies have emerged [5].  Usually,  wide range 
common variations are firstly excluded. Then, the filters inspect the type of variations (focus on presumed 
deleterious allelic  variants)  and the functional  effect  of  variations on gene products.  Filtering strategies 
considere also the mode of inheritance of the disorder suggesting by pedigree. Finally, taking advantages of 
multiple  individuals,  intersection  or  differential  exome  strategies  can  drastically  reduce  the  remaining 
variations to several genes. To deal with the expansion of WES in medical genomics individual laboratories, 
new convivial and versatile software tools have to implemente the unavoidable filtering steps of variations. 
Non-programmer biologists have to be autonomous to combine themselves different filtering criteria and 
conduct a personal strategy depending on their assumptions and study design.

With this aim,  in parternship with and for  medical  geneticists,  we developed  EVA (Exome Variation 
Analyzer),  a  user-friendly  web interfaced sofware  dedicated  to  filtering  strategies  for  medical  projects 
investigated with WES [6].  EVA has been successfully used in a demonstrative case study allowing to 
identify a new candidate gene related to a rare form of Alzheimer disease [7].

2 EVA: overview and filtering strategies

For a given exome project corresponding to several individuals,  EVA allows to manage data through 
different modules, as strictly condidential to the project owner. The first one, an online Variation Integration 
module takes  in  input  standard  raw Variant  Calling  Format files,  and  annotates  the  variations  (Single 
Nucleotide Variation (SNV) and indel  (microinsertion or  microdeletion))  thanks to ANNOVAR and the 
Variation Effect Predictor Ensembl API. Annotated variations are then stored in a MySQL database called 
ExomeDB. On the web interface, the Variation Statistics module allows to display SNV and indel categories 
bar charts and pie charts, and amino-acid and nucleotide substitution matrix. It  can be done for all  the 
variations corresponding to a project or for a selection of individuals, chromosomes, regions or genes. The 
filtering strategy module proposes to combine multiple filters to drastically narrow down variations (see 
details below). The Table Browser module allows to explore whole exome data by project, individual, gene 
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or variation through sortable and interactive tables. A Search module offers a direct and quick access to a 
gene or a variation for a given project. It also provides caryotypic and graphical gene view. 

The  Filtering Strategy module integrates the current categories of filters based on common variations, 
molecular  type of  the variants,  modes of inheritance, homozygous or heterozygous nature of the allelic 
variant  and multiple  individuals.  First,  EVA allows to  compare  the  data  to  international  catalogues  of 
variations (dbSNP, HapMap Project, 1000 genomes Project, Complete Genomics and IntegraGen public data, 
Exome Sequencing Project). As a result, the set of all the variations is divided in known and unknown 
variations. Then, other filters offer to sift variations depending on their: (i) functional categories for SNV 
(synonymous, miss sense, stop loss and non sense) and indels (frameshift or  non frameshift);  (ii)  genic 
region (UTR, CDS, intronic splice region); (iii) quality score. Finally, one of the strengths of EVA is the 
implementation of inheritance filters considering intersection or conversely differential exome strategies: (i) 
recurrence  strategy  for  dominant  or  recessive  independent  familial  cases;  (ii) filters  for  homozygous, 
heterozygous or composite cases in intra-familial studies; (iii) and de novo strategy for sporadic cases or trio-
family. EVA offers export files (cvs) and cross-links to external relevant databases and softwares for further 
functional effects inspection of the small subset of sorted candidate variations and genes.

3 Conclusions and perspectives

EVA is developed to be a user-friendly, versatile, and efficient-filtering assisting software for WES. It 
constitutes a platform for data storage and for drastic screening of clinical relevant genetics variations by 
non-programmer medical geneticists. Thereby, it provides a response to new needs at the expanding era of 
medical genomics investigated by this technology for both fundamental research and clinical diagnostics. 
The web address is public [http://bioinfo.litislab.fr/EVA/] but access is permitted through an authentication 
process using a project's specific login and a password given by the administrator. Version of the human 
genome, international variation catalogues, inheritance and other type of filters, organization of results tables 
and graphics are regularly updated. EVA will be soon available for free downloads. Future development 
include a more specific filtering strategy for somatic mutations and a new companion tool for functionally 
contextualize a small list of candidate variations.
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