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Abstract. Genome wide association studies (GWAS) have 
identified autoimmune disease‑associated loci, a number of 
which are involved in numerous disease‑associated pathways. 
However, much of the underlying genetic and pathophysi‑
ological mechanisms remain to be elucidated. Systemic lupus 
erythematosus (SLE) is a chronic, highly heterogeneous auto‑
immune disease, characterized by differences in autoantibody 
profile, serum cytokines and a multi‑system involvement. 
This study presents the Epione application, an integrated 
bioinformatics web‑toolkit, designed to assist medical experts 
and researchers in more accurately diagnosing SLE. The 
application aims to identify the most credible gene variants 
and single nucleotide polymorphisms (SNPs) associated with 
SLE susceptibility, by using patient's genomic data to aid the 
medical expert in SLE diagnosis. The application contains 
useful knowledge of >70,000 SLE‑related publications that 
have been analyzed, using data mining and semantic tech‑
niques, towards extracting the SLE‑related genes and the 
corresponding SNPs. Probable genes associated with the 
patient's genomic profile are visualized with several graphs, 
including chromosome ideograms, statistic bars and regulatory 
networks through data mining studies with relative publica‑
tions, to obtain a representative number of the most credible 
candidate genes and biological pathways associated with the 
SLE. Furthermore, an evaluation study was performed on a 

patient diagnosed with SLE and is presented herein. Epione 
has also been expanded in family‑related candidate patients to 
evaluate its predictive power. All the recognized gene variants 
that were previously considered to be associated with SLE 
were accurately identified in the output profile of the patient, 
and by comparing the results, novel findings have emerged. 
The Epione application may assist and facilitate in early stage 
diagnosis by using the patients' genomic profile to compare 
against the list of the most predictable candidate gene variants 
related to SLE. Its diagnosis‑oriented output presents the user 
with a structured set of results on variant association, posi‑
tion in genome and links to specific bibliography and gene 
network associations. The overall aim of the present study was 
to provide a reliable tool for the most effective study of SLE. 
This novel and accessible webserver tool of SLE is available at 
http://geneticslab.aua.gr/epione/.

Introduction

Systemic lupus erythematosus (SLE) is a chronic, severe, 
multiorgan systemic autoimmune disease that predominantly 
affects women, with a complex genetic inheritance and strong 
clustering in families (1) It is characterized by the production 
of high titers of autoantibodies directed against native DNA, 
cell surface and other cellular constituents (2). SLE is associ‑
ated with high morbidity rates (3). Genetic association and 
genome‑wide association studies (GWAS) for susceptibility 
loci of SLE, performed in various ethnic populations, have 
provided novel insights into SLE and uncovered >100 common 
SLE risk loci, explaining disease up to 30% (4). Attempts to 
clarify the mechanisms underlying this disease may contribute 
to the development of disease‑modifying therapeutic proto‑
cols. Of interest, accumulating evidence suggests that several 
genetic polymorphisms linked to SLE, are associated with 
other autoimmune diseases as well, such as rheumatoid 
arthritis, type 1 diabetes, psoriasis, Crohn's disease, ulcerative 
colitis, celiac disease, systemic sclerosis, multiple sclerosis and 
Behçet's disease (5).
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The expansion of Genetics and Genomics in the 20th 
century has provided a basis for the development of novel tech‑
niques and applications. As a result of the rapid expansion in 
genomic technologies, genetics studies have become crucial in 
clinical practice and research (6). The molecular background 
and knowledge of genetics has become more understand‑
able due to rapid technological advancements, including the 
whole‑genome and whole‑exome (WES) sequencing anal‑
yses (7). The massive accumulation and analysis of genomic 
data has resulted in the completion of The Human Genome 
Project and The 1000 Genome Project, which have contributed 
a great deal to the knowledge of genetic variants and their 
impact on human life and in harmful diseases (8).

At present, the focus of research is on personalized 
medicine, clinical genomics and the further involvement of 
computer science through data mining, semantic analyses and 
state of the art methods in bioinformatics (9,10). The discovery 
of the human genome was only the beginning, in the great 
effort to decipher it and associate it with the genetic variants 
and changes between populations, genes, diseases and mainly 
with the history of human existence. With the implementation 
of computer science and bioinformatics in the development 
of efficient applications of genetic and genomic analysis for 
clinical genomics and personalized medicine, we are at the 
beginning of an era that will provide novel discoveries in 
human health (10).

The importance of design and applying such methodical 
techniques and pipelines will grow as we continue to generate 
and integrate large quantities of genomics, proteomics, 
transcriptomics, lipidomics, metabolomics, secretomics and 
other ‑omics biological data (11). Examples of this type of 
specialized analyses include GWAS, gene classification per 
disease, single nucleotide polymorphism (SNP) classification 
per disease, correlation of human genomic data with a specific 
rare disease or a resistance in a well‑known medication and 
various other applications (12). The Epione app webserver is 
an example that incorporates the application of bioinformatics 
and data mining technologies aiming to support the clinical 
genomic diagnosis process of SLE (Fig. 1).

Despite improvements in the identification of patients 
with SLE, the diagnosis of the disease is still a challenge for 
clinicians, particularly early in the course of the disease (13). 
The interval between the initial onset of symptoms and 
the actual diagnosis is still a number of years apart. The 
mean interval between the onset of symptoms and the 
diagnosis of SLE may be up to 2 years (14). Probably due 
to the lower suspicion, a longer time lag has been reported 
for children, males and late‑onset disease (15). Importantly, 
increased healthcare utilization during the time preceding 
SLE diagnosis has been reported. The median number of GP 
consultations increased during the 5‑year interval preceding 
SLE diagnosis, i.e., from median 1 in the 48‑54 months 
before diagnosis to 38  in the 0‑12  months before diag‑
nosis (16). Notably, a study performed in 682 children and 
young patients (aged 10‑24 years) with SLE also confirmed 
that they had significantly more health care visits than 
controls in the year before diagnosis (17). At 9‑12 months 
prior to diagnosis, utilization of healthcare resources was 
increased by almost 2‑fold. Of note, a number of young 
individuals with SLE carry psychiatric diagnoses prior to 

being diagnosed with SLE, which was also associated with 
increased pre‑diagnosis healthcare use (17). SLE is no longer 
considered to be such a rare disease at the community level, 
thus there is likely a considerable number of patients who 
remain undiagnosed or experience significant diagnostic 
delays (18).

Patients with <6  months' delay may experience lower 
flare rates, less healthcare utilization and costs, as compared 
with those with at least 6 months' delay (19). Furthermore, for 
patients with major organ disease (nephritis, neurological), 
delay in prompt diagnosis and initiation of immunosuppres‑
sive therapy has been linked to adverse outcomes (20). Failure 
to achieve low disease activity in the first 6 months after 
diagnosis has been associated with early damage accrual (21). 
Finally, in patients at an early stage of the disease, all subscales 
of quality of life can be improved with proper therapy over a 
period of 2 years (22).

In the present study, the Epione application is presented, 
which is an online toolkit for clinical genomic and person‑
alized medicine that is able to support the suspicion of 
physicians dealing with a possible case of SLE (10). The 
overall aim of the present study was to provide a reli‑
able tool for the most effective study of SLE. The Epione 
application is able to analyze a patient's genetic or genomic 
data either as a FASTA or Variant Call Format (VCF) data 
file, and automatically scans input data against thousands 
of relevant recorded SNPs. The pipeline of the designed 
algorithm applies different filtering, processing and anno‑
tation techniques in several steps, towards identifying and 
visualizing the most probable prevalent variants related to 
SLE. Moreover, the application is capable of identifying and 
classifying the extracted SNPs using our SNP database and 
other genetic and clinical information from several online 
databases. At the same time, it recognizes individual SNPs 
with pathogenicity in SLE and other related disease, and 
it provides the user with additional information and direct 
links to several online databases, including The Single 
Nucleotide Polymorphism Database (dbSNP) and the LitVar 
database  (23,24). Additionally, the Epione application 
analyzes and generates important information associated 
with the recognized SNP variants, including ideograms, 
statistic charts, a gene network based on the extracted SNPs 
and a number of related studies from the National Center for 
Biotechnology Information (NCBI) PubMed database.

Materials and methods

Epione Application Database (EAD) of SNPs and variants 
for SLE. All the genes, pseudogenes, promoters, enhancers, 
SNPs and variants associated with SLE, and reported in global 
available databases and studies were stored in the structured 
EAD. The PubMed database was initially used for detecting 
and extracting studies related to ‘SLE’. The available studies 
were filtered to human‑related studies only and were curated 
using data mining and semantic methods in order to identify 
those that refer to genes by using a dictionary from the Gene 
database of the NCBI (25) and those that contained SNP vari‑
ants. A targeted query search was performed in the text using 
regular expressions by combining each gene or variant with 
their synonyms and the key word ‘SLE’ (26). The identified 
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genes, SNPs and variants referred in the study datasets were 
stored in EAD. Additionally, appropriate studies from PubMed 
were mined for the provision of additional information, such as 
Medical Subject Headings (MeSH)/MEDLINE terms, genes, 
polymorphisms and mutations described and were examined 
for their role in SLE (26,27). Supplementary information was 
mined and included in the EAD from numerous available online 
databases, including Online Mendelian Inheritance in Man 
(OMIM) Database (28) and GWAS Catalog (29,30). The final 
dataset of SNPs and variants associated with SLE were anno‑
tated in the EAD using several external query searches in the 
dbSNP, ClinVar and LitVar databases of the NCBI (23,24,31). 
Moreover, for each entry a representative FASTA sequence 
was isolated using the human reference genome GRCh38. The 
main idea was to generate a representative FASTA sequence, 
using sliding windows of ~201 bases (100 before and 100 after 
the polymorphism), whether being a nucleotide change or dele‑
tion or insertion. After the collection, annotation and filtering 
processes, the information contained in the EAD was clas‑
sified using a scoring function described below. Finally, the 
information contained in the EAD was classified according 
the scoring function described below and the final outcome 
was manually evaluated by medical experts in SLE using the 
annotated information, results and the sources of origin as 
follows (10): Score = (VNorFrePub x0.1) + (VNorFreLitVar 
x0.3) + (VClinVar x0.2) + (VMedExpertsSNPs x0.4). Where: 
i) VNorFrePub, the normalized frequency of the identified SNPs 
from the PubMed dataset (max, 1; min, 0); ii) VNorFreLitVar, 
the normalized frequency of the identified SNPs that were 
linked to SLE from the LitVar Database (Scalar value, max, 1 
and min, 0); iii) VClinVar, Boolean Parameter (1, the SNP was 
identified in the ClinVar databases and was connected to SLE; 
0, no connection to the ClinVar or no connection to SLE); 
and iv) VMedExperts, Boolean Parameter (1, if the given 
SNP was identified as being associated with endometriosis 
by the medical experts team; 0, no connection to the dataset). 
Scoring function was as follows: i) ‘Strong‑associated SNPs’ 
Class, score ≥0.4; ii) ‘High‑associated SNPs’ Class, score <0.4 
and ≥0.2; and iii) ‘Associated SNPs’ Class, score <0.2.

VCF or FASTA file validation and filtering. The uploaded file 
in the Epione application pipeline was verified for compli‑
ance with the standardized genomic data formats, including 
FASTA/Pearson format or VCF 4 correspondingly  (32). 
The FASTA file had to contain a header and sequence 
information, and each entry had to start with the symbol ‘>’. 
Minimum character count for the sequence information was 
set to 250 characters. No duplicated header string names were 
allowed. The VCF file at the beginning had to contain a header 
section with the preset column names as they were defined by 
the Global Alliance for Genomics and Health Data Working 
group file format team (https://www.ga4gh.org/)  (32). The 
VCF file is a tab delimited array for storing variants and 
individual genotypes. It is able to include all variant calls 
from SNPs and variants to, small changes, and large‑scale 
insertions and deletions. VCF file columns could not have any 
duplicated entries, and each entry must have only contained 
the appropriate information without gaps. The Epione applica‑
tion online toolkit provides the user with the ability to upload 
a single FASTA or VCF file of ≤ 1GB. After the file validation 
process, only nucleotides sequences or SNPs and gene variants 
that passed the quality and filtering controls were considered 
as an input in the main pipeline of the Epione application.

Identification of SNPs. The Epione app web‑toolkit has two 
different SNP identification processes depending on the type of 
uploaded file (FASTA or VCF file). For each case, the webserver 
uses the EAD of SNPs associated with SLE to analyze and 
correlate the input curated dataset. In the case of a FASTA file, 
the application implements the process of the local alignments 
with the EAD. Input entries identified with 100% identity in 
a range of a window of 200 bases within a given nucleotide 
sequence from EAD were reported and marked to the system 
as a candidate polymorphism case SLE. In the second case of 
the VCF file, all the SLE‑related SNPs were identified based 
on the EAD's directory with the reported positions of SNPs on 
each chromosome. Finally, all the identified cases in each case 
of the analysis were collected in a separated list with all the 
annotated information from the EAD.

Figure 1. Epione application webserver pipeline. Left to right: Input parameters (FASTA or VCF file and a selected reference genome), Epione application 
pipeline, output files (SNP analysis results, candidate variants, patient profile and statistics charts, chromosome ideograms, relative publications with candidate 
variants and regulatory networks). VCF, Variant Call Format; SNPs, single nucleotide polymorphisms; SLE, systemic lupus erythematosus; dbSNP, Single 
Nucleotide Polymorphism Database.
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Variant classification and interface representation. The 
Epione application classification procedure identified candi‑
date and dominant deleterious SNPs in the list of exonic and 
non‑coding polymorphisms. The graphic representation inter‑
face enables the user to see the patient SLE profile, which is 
presented through the three major classes of polymorphisms 
according to severity, namely ‘Strong‑associated SNPs’, 
‘High‑associated SNPs’ and ‘Associated SNPs’. All the identi‑
fied SNPs were classified in these three major classes based on 
the annotated information contained in the EAD. An additional 
list of all identified variants with necessary information, such 
as ‘snp_name’, ‘chromosome’, ‘position’, ‘reference genome’, 
‘change’, ‘gene_name’, ‘variant_type’, ‘disease’, ‘litvar’ and 
‘class’ is also provided to the user. Moreover, for each identi‑
fied variant, the application provides an external link to the 
dbSNP and the LitVar Database for reference to additional 
information.

A more specialized representation with bar charts and 
ideograms is presented based on the patient's identified poly‑
morphism profile. This enables the user to better understand 
the general genetic profile for the patient and draw beneficial 
conclusions concerning the association of each chromosome 
with SLE development. With this more specialized analysis, 
conclusions could be drawn on how genes may be involved 
in SLE, not only as separate entities, but as part of specific 
chromosomal regions or as a cluster in a network or in a 
combination of both.

Data mining and semantic analysis. The MEDLINE and 
PubMed databases were searched for English‑language 
publications that contained the key term ‘Systemic lupus 
erythematosus,’ with no date restriction (26). The MATLAB 
Bioinformatics toolbox functions for data mining and semantic 
analysis were used to extract gene names from the selected 
publications' abstracts using a dictionary of the gene, allele and 
pseudogene names for Homo sapiens (33,34). Furthermore, 
using the same techniques, all the polymorphisms reported 
by at least two studies from the dataset were extracted. A 

second‑level analysis was performed in order to estimate the 
internal links between genes through selected publications. 
Internal links were created when genes, alleles, pseudogenes 
or transcription factors were mentioned in the same publica‑
tion. Finally, all the mining knowledge was processed through 
semantic algorithms contained in the MATLAB ‘Data Analysis 
for Computational Biology,’ towards estimating correlations 
among genes and generating the regulator network in a graph 
representation for SLE (34‑36).

Epione application web‑toolkit security and availability. 
The Epione application web tool is run on a Secure XAMPP 
HTTP Apache webserver hosted on the computing facility 
of the School of Applied Biology and Biotechnology at the 
Agricultural University of Athens. All EADs and third‑party 
software packages used are locally installed, so there is no 
additional information transferred to other web servers. 
The user genomic data uploaded in the webserver is used 
for the Epione application pipeline only, while the results 
are presented privately and securely for a period of 1 month 
and erased afterward. The pipeline for identifying the most 
probable SNPs causing SLE described above is executed in 
the webserver named Epione application web tool, using 
Windows, Apache, XAMPP, PHP, HTML, JavaScript, R and 
parallel computing architecture and is openly available online 
at http://geneticslab.aua.gr/epione/.

Epione application validation. The Epione application 
webserver validation was performed by a retrospective study 
on seven patients from a three‑generation family with endo‑
metriosis and other autoimmune diseases (10,37). WES data 
of one female patient with SLE, from the first generation (F1), 
was reanalyzed using the Epione application webserver.

Results

Epione application SLE database. The Epione application 
SLE database is an integrated resource for genes, alleles, pseu‑

Figure 2. Epione application presenting the systemic lupus erythematosus database. SNP, single nucleotide polymorphism; dbSNP, Single Nucleotide 
Polymorphism Database; OMIM, Online Mendelian Inheritance in Man.
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dogenes and SNPs associated with SLE. The Epione database 
currently holds information on 2,158 genes, alleles, pseudo‑
genes and transcription factors, 1,274 SNPs, and 70,000 related 
publications (Fig. 2). Moreover, 100 SNPs were detected in 
the coding region sites of genes (Fig. 3). All the SNPs asso‑
ciated with SLE were manually curated and classified into 
three major classes, including ‘Strong‑associated SNPs’ with 
221 members, ‘High associated SNPs’ with 100 members, and 
‘Associated SNPs’ with 953 members (Fig. 2). The database 
also includes information from the Gene Database, dbSNP, 
LitVar Database, ClinVar Database, OMIM Database and 
PubMed Database. The information within the database was 
structured in several fields, and the knowledge was organized 
in a specific way in order to serve the webserver application 
immediately and quickly (Fig. 3).

Data mining and semantic analysis for SLE. A systematic data 
mining and semantic analysis of the most frequently reported 
genes and polymorphisms was performed in order to identify 
those that are directly associated with SLE and thus may be 
of value in clinical genomics (10). A total of 70,000 publi‑
cations were screened that contained the term ‘SLE’ in the 
title or abstract of the MEDLINE file. In the first level of the 
analysis, 2,158 genes, alleles, pseudogenes, and transcrip‑
tion factor names or synonyms were identified, and 230 key 
terms were found that described SLE, which were present 
in >10 publications within the dataset (Fig. 4). In Table  I, 

the 30 most frequently identified key terms describing SLE 
are shown. Moreover, within the dataset, 420 different SNPs 
and 457 SLE‑associated genes (Figs. 4 and 5) were reported 
and imported from online databases. Therefore, the analysis 
allowed us to identify polymorphisms that could potentially 
be included in the EAD, alongside the other SNPs that could 
predispose individuals to SLE. In the second level of analysis, 
4,994 internal links among genes, alleles, pseudogenes and 
transcription factors were estimated through publications, and 
the regulatory network was calculated in a graph representa‑
tion (Fig. 3). The major goal of this step of the analysis was 
to provide an exhaustive regulatory network in genes directly 
related to SLE (Fig. 5), apart from other SLE gene networks 
that have been presented previously (38).

Epione application webserver. The Epione application 
webserver assists health experts in supporting an SLE diag‑
nosis for a patient using genetic information. This effective 
pipeline has been designed by geneticists able to benefit from 
bioinformatics support and by medical experts in SLE aiming 
to evaluate and classify all the determined gene variants 
related to SLE. Due to the large amounts of data required for 
analysis and the computational complexity of this pipeline, 
advanced bioinformatics techniques and parallel program‑
ming have been applied. It is estimated that using a parallel 
processing on the webserver requires 10x less time to analyze 
and extract the final results. Based on various tests executed on 

Figure 3. Database analysis results. (A) ‘X1’, ‘X2’, ‘X3’ corresponds to the number of affected regions per SNP. (B) The five identified categories within 
the Epione database. (C) The identified types of SNPs within the Epione database. (D) The two major categories of the genomic regions within the Epione 
database. SNPs, single nucleotide polymorphisms; N/A, not applicable; LOC, locations; LINC, long intergenic non‑coding; MIR, microRNA.
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the performance of this application, it was estimated that this 
webserver has the ability to analyze a VCF file of 37,000 vari‑
ants and create a personalized patient profile in <20 min. The 
Epione application has been designed to reduce complexity 
and minimize probable mistakes, allowing health experts to 
inset only a patient's genomic data from FASTA or VCF file 
towards estimating a clear and concise output HTML file with 
the patient profile (Fig. 6).

The Epione application output is a HTML file that describes 
the patient profile through six major areas of results, including 
‘Server output details’, ‘SNPs Analysis Results for SLE’, 
‘Statistic Charts’, ‘GWAS Analysis Results’, ‘Semantic and 
Data mining of identified Genes’ and ‘Downloads’ (Figs. 7‑9). 

Table I. List of the 30 most frequently shown key terms 
describing SLE within the dataset.

A/A	 Key term	 Frequency

  1	 ‘systemic lupus erythematosus’	 7,979
  2	 ‘lupus’	 1,151
  3	 ‘lupus erythematosus’	 1,028
  4	 ‘lupus nephritis’	    962
  5	 ‘autoimmune diseases’	    881
  6	 ‘rheumatoid arthritis’	    790
  7	 ‘autoimmunity’	    738
  8	 ‘antiphospholipid syndrome’	    460
  9	 ‘autoantibodies’	    456
10	 ‘inflammation’	    445
11	 ‘lupus nephritis’a	    293
12	 ‘lupus erythematosus/therapy’a	    291
13	 ‘disease activity’	    243
14	 ‘lupus erythematosus, discoid’a	    232
15	 ‘hydroxychloroquine’	    232
16	 ‘pregnancy’	    218
17	 ‘antiphospholipid antibodies’	    215
18	 ‘biomarker’	    201
19	 ‘epidemiology’	    195
20	 ‘lupus anticoagulant’	    173
21	 ‘lupus erythematosus, disseminated’a	    155
22	 ‘lupus erythematosus/complications’a	    142
23	 ‘cytokines’	    136
24	 ‘nephritis’	    133
25	 ‘lupus/therapy’a	    131
26	 ‘meta‑analysis’	    131
27	 ‘cardiovascular disease’	    129
28	 ‘atherosclerosis’	    129
29	 ‘rituximab’	    129
30	 ‘b cells’	    121
31	 ‘dermatomyositis’a	    120
32	 ‘quality of life’	    108
33	 ‘le cells’a	    104
34	 ‘lupus erythematosus/diagnosis’a	    102
35	 ‘glomerulonephritis’	    102
36	 ‘apoptosis’	    100
37	 ‘cutaneous lupus erythematosus’	    100
38	 ‘antiphospholipid syndrome’a	      98
39	 ‘lupus eritematoso sistémico’	      96
40	 ‘multiple sclerosis’	      91
41	 ‘discoid lupus erythematosus’	      89
42	 ‘cyclophosphamide’	      89
43	 ‘glomerulonephritis’a	      86
44	 ‘children’	      85
45	 ‘drug therapy’a	      84
46	 ‘autoimmune’	      84
47	 ‘complement’	      84
48	 ‘antibodies’a	      82
49	 ‘collagen diseases’a	      82
50	 ‘infection’	      82
51	 ‘diagnosis’a	      81

Table I. Continued.

A/A	 Key term	 Frequency

52	 ‘chloroquine’a	      80
53	 ‘adolescence’a	      80
54	 ‘autoantibody’	      79
55	 ‘adrenal cortex hormones’a	      78
56	 ‘mycophenolate mofetil’	      78
57	 ‘arthritis’	      78
58	 ‘belimumab’	      78
59	 ‘diagnosis’	      77

a, selected subject heading is a major concept of the article. SLE, 
systemic lupus erythematosus; A/A, articles of association.

Figure 4. Selection of genes, alleles, pseudogenes and transcription factors 
for data mining and semantic analysis. SLE, systemic lupus erythematosus; 
MeSH, Medical Subject Headings.
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In the first results section, a summary of the analyzed informa‑
tion is presented, including the type of the data file analyzed, 
the number of identified SNPs and the date the analysis was 
performed. In the second section, the results of the SNP clas‑
sification are shown in three separated charts and a list of all 
identified SNPs with extra information for each SNP as extracted 
from the Epione database. The third results section is concerned 
with various statistics charts regarding identified SNPs and 
the overall SNPs contained in the Epione database. The fourth 
section provides GWAS analysis results in a graphical repre‑

sentation of the chromosome ideogram, where all the identified 
SNPs in each genetic locus per chromosome have been marked. 
Moreover, a statistical chart that presents the identified SNPs 
per chromosome are shown. In the sixth section, the results 
from the data mining and semantic analysis are presented. A list 
of all identified genes is provided with all the information mined 
from the relative publications towards calculating and drawing 
the regulatory network in a graph representation. The user can 
filter the list in several ways and has the option to retrieve the 
relevant publications that describe each internal link within the 

Figure 5. Systemic lupus erythematosus gene regulatory network of the class ‘Strong‑associated SNPs’ in a graph representation. SNPs, single nucleotide 
polymorphisms.

Figure 6. Epione application user interface. VCF, Variant Call Format.
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Figure 7. Example of Epione application output part A. SLE, systemic lupus erythematosus; SNPs, single nucleotide polymorphisms.
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network. Moreover, the beneficial knowledge of all connected 
genes with the identified genes is provided to the users. In the 

last results section, the user has the choice to download and save 
all the generated results from the Epione application webserver.

Figure 8. Example of Epione application output part B. SNPs, single nucleotide polymorphisms; GWAS, genome wide association studies.
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Figure 9. Example of Epione application output part C. SLE, systemic lupus erythematosus; SNPs, single nucleotide polymorphisms.
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Table II. Major SNP cases identified in the seven patients with SLE.

SNP	 Chr	 Gene	 Class	 SNP type

rs3024866	 Chr2	 STAT4	 A	 IV
rs17266594	 Chr4	 BANK1	 A	 IV
rs10516487	 Chr4	 BANK1	 A	 MV
rs280519	 Chr19	 TYK2	 A	 IV
rs25487	 Chr19	 XRCC1	 A	 MV
rs7530511	 Chr1	 IL23R	 A	 MV
rs549908	 Chr11	 IL18	 A	 SV
rs3803800	 Chr17	 TNFSF13	 A	 MV
rs344555	 Chr19	 C3	 A	 IV
rs2476601	 Chr1	 PTPN22	 A	 MV/IV
rs1061622	 Chr1	 TNFRSF1B	 A	 ICV
rs2230365	 Chr6	 NFKBIL1	 A	 SV
rs419788	 Chr6	 SKIV2L	 A	 IV/UV
rs3813946	 Chr1	 CR2	 A	 5'UTRV
rs1048971	 Chr1	 CR2	 A	 SV
rs2246614	 Chr11	 CDHR5	 A	 MV
rs2255336	 Chr12	 KLRC4‑KLRK1	 A	 MV/NCTV
rs17615	 Chr1	 CR2	 A	 MV
rs945635	 Chr1	 FCRL3	 A	 NCTV
rs3733197	 Chr4	 BANK1	 A	 MV
rs2069763	 Chr4	 IL2	 A	 SV
rs352140	 Chr3	 TLR9	 A	 SV
rs315952	 Chr2	 IL1RN	 A	 MV
rs2326369	 Chr20	 MAVS	 A	 SV
rs315951	 Chr2	 IL1RN	 A	 3'UTRV
rs6133	 Chr1	 SELP	 A	 MV
rs763361	 Chr18	 CD226	 A	 MV
rs2076530	 Chr6	 BTNL2	 A	 MV/IV
rs4986938	 Chr14	 ESR2	 A	 NCTV
rs2230201	 Chr19	 C3	 A	 SV
rs3803665	 Chr16	 ZNF423	 A	 SV
rs11552708	 Chr17	 TNFSF13	 A	 MV/IV
rs6259	 Chr17	 SHBG	 A	 MV
rs3025000	 Chr6	 VEGFA	 A	 IV
rs513349	 Chr6	 BAK1	 B	 IV
rs2229634	 Chr6	 ITPR3	 B	 SV
rs7097397	 Chr10	 WDFY4	 B	 MV
rs1061501	 Chr11	 IRF7	 B	 SV
rs13181	 Chr19	 ERCC2	 B	 StG/DV
rs20563	 Chr1	 LAMC1	 B	 MV
rs4308977	 Chr1	 CR2	 B	 MV
rs17616	 Chr1	 CR2	 B	 MV
rs12150220	 Chr17	 NLRP1	 B	 MV
rs396991	 Chr1	 FCGR3A	 B	 MV
rs1799793	 Chr19	 ERCC2	 B	 MV
rs1801274	 Chr1	 FCGR2A	 B	 MV
rs3775291	 Chr4	 TLR3	 B	 MV
rs3184504	 Chr12	 SH2B3	 B	 MV
rs2279003	 Chr19	 MYO9B	 B	 SV
rs1782455	 Chr1	 MASP2	 C	 SV/IV
rs6695096	 Chr1	 MASP2	 C	 IV
rs11203366	 Chr1	 PADI4	 C	 MV
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Epione application validation. A list with all known genes 
that were previously reported as ‘SLE‑associated’ was prop‑
erly identified in the final output HTML profile per patient, 
and by cross‑comparison of the results, novel findings have 
emerged. The SNP analysis performed identified the common 
pathogenic variants that occurred within this family and were 
transmitted or imported from generation to generation (37). 
Moreover, a list of ‘High‑associated’ and ‘Strong‑associated’ 
polymorphisms that are directly related to SLE were identi‑
fied and classified (Table II). The test was run with the Epione 
application using the default parameters on the human refer‑
ence genome GRCh38. Further, the Epione application was 
also successfully evaluated with different well‑confirmed 
SNPs located in genes, which may play a critical role in the 
development of SLE, as shown in Table II.

Discussion

Epione application services can assist the diagnosis of SLE 
by filtering the individual's genetic profile through provided 
genomic SLE‑related information that will eventually help to 
identify a patient's predisposition to SLE in the very early stages, 
even without any symptoms, similarly to a recently published 
article that used Epione to investigate endometriosis (10). In 
the case where medical experts lack a clear etiology for the 
patient's condition, Epione application results can provide 
useful information concerning the patient's profile and a list of 
the most critical genetic polymorphisms present in the patient's 
genome and their association with several biological pathways.

The extracted knowledge from the data mining and 
semantic analysis for SLE is included in the Epione appli‑
cation in a seamless way, where for each patient profile the 
pre‑analyzed information can be used to determine the corre‑
sponding gene regulatory network based on the identified genes 
from the SNP database. The Epione application webserver 
contains all the pre‑analyzed data in order to calculate and 
draw the regulatory gene network of each patient. The applica‑
tion generates a personalized regulatory network graph based 
on the patient's profile using all the identified SNPs related to 
genes, alleles, pseudogenes and transcription factors from the 
previous steps of the described pipeline. Thus, in addition to 
the detected polymorphisms, the Epione application has the 
ability to provide a list of the genes directly involved in several 
biological processes as regards with the genes harboring these 
polymorphisms. Furthermore, beyond the generated graph, all 
the internal links are provided in a list along with genes and 
relative publications.

The quality of the data for variants identified in the VCF 
file uploaded by the user numerous times may provide low 
reliability and cause several limitations. To deal with such 
problems, the Epione application validates the VCF file and 
removes variants that do not pass the quality control thresh‑
olds. On the other hand, it can also enable the user to upload the 
raw sequences or genotype data and provides a pre‑processed 
analysis through which a generated VCF file is passed into 
the main pipeline of the webserver. Thus, the end user has 
the option to analyze both VCF and FASTA files without any 
restrictions.

Table II. Continued.

SNP	 Chr	 Gene	 Class	 SNP type

rs11203367	 Chr1	 PADI4	 C	 MV
rs874881	 Chr1	 PADI4	 C	 MV
rs1748033	 Chr1	 PADI4	 C	 MV
rs3790434	 Chr1	 LEPR	 C	 IV
rs6025	 Chr1	 F5	 C	 MV
rs1137100	 Chr1	 LEPR	 C	 MV
rs2243188	 Chr1	 IL19	 C	 IV/NCTV
rs3806268	 Chr1	 NLRP3	 C	 SV
rs3747517	 Chr2	 IFIH1	 C	 MV
rs2204640	 Chr2	 HECW2	 C	 IV
rs708035	 Chr3	 IRAK2	 C	 MV
rs818819	 Chr3	 SLC22A14	 C	 MV
rs1137101	 Chr1	 LEPR	 C	 MV
rs1295686	 Chr5	 IL13	 C	 IV
rs20541	 Chr5	 IL13	 C	 MV
rs12522248	 Chr5	 HAVCR1	 C	 MV
rs2075800	 Chr6	 HSPA1L	 C	 MV
rs1225944	 Chr6	 BLOC1S5‑TXNDC5	 C	 IV
rs1045642	 Chr7	 ABCB1	 C	 MV

Class ‘A’, ‘High‑associated SNPs’; class ‘B’, ‘Strong‑associated SNPs’; class ‘C’, ‘Associated SNPs’; SNPs, single nucleotide polymor‑
phisms; SLE, systemic lupus erythematosus; chr, chromosome; IV, intron variant; MV, missense variant; SV, synonymous variant; 3'UTPV, 3' 
UTP variant; 5'UTRV, 5' UTP variant; NCTV, non‑coding transcript variant; StG, stop gained; UV, upstream variant; DV, downstream variant.
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EAD contains all the identified SNPs related to SLE, 
classified into three major classes. The quality of the infor‑
mation in the individual databases has possible limitations, 
and clinical databases may include non‑verified annotations, 
as clinical research is being produced at ever faster rates. In 
order to ensure the predictive performance and the reliability 
of the system, so far, we opted for the manual update of the 
SNP Epione database after validation and classification of the 
candidate SNPs by a team of medical experts.

The detection and identification of genetic and epigenetic 
targets that play an important role in the manifestation of 
a disease is the ‘key’ in understanding and interpreting the 
various pathological conditions that may be present (39). Since 
a disease can be manifested by a different combination of 
harmful genetic polymorphisms, their collection and classifica‑
tion is very important for the different interpretations of the 
findings in a patient every time (40). In the present study, a novel 
pipeline to the collection and evaluation of genetic targets for a 
given disease were described. The Epione application for SLE, 
is a principal example in understanding that the outcoming data 
of such a genomic study can readily be used in the development 
of efficient applications for other genetic polymorphism‑related 
diseases. To apply this application to other diseases an indexed 
list of confirmed linked genetic polymorphisms is required 
together with an analysis of the literature information linking 
the polymorphisms to the specific disease.

A comprehensive application analyzing genetic data against 
multiple available genetic targets for several autoimmune diseases 
is currently under testing. It also includes further expansion 
in techniques on data mining, semantic and machine learning 
together with links to Gene Ontology and Kyoto Encyclopedia of 
Genes and Genomes disease and pathway analyses.

To conclude, SLE is an inherited multifactorial disease that 
is usually detected at a fairly advanced stage, thus preventing 
doctors from applying treatment at an early stage. The Epione 
application was designed to assist healthcare experts in the 
diagnosis of SLE, even from the onset, by using the genomic 
data of patients. The comprehensive interface of the Epione 
application was designed to be used by the clinical genomics 
scientists and numerous other healthcare experts (10). Its diag‑
nosis‑oriented output presents the patient profile through which 
the user is provided with a structured set of results in various 
categories, generated based on the list of the most prominent 
candidate gene variants related to SLE. The majority of the 
current clinical genomics tools, web tools and applications are 
scientifically oriented for geneticists and bioinformaticians 
and are not developed to be easily handled by medical doctors 
or other scientists. In this sense, the Epione application is an 
easy‑to‑use integrated public webserver for SLE, designed 
with the aim of bringing personalized medicine and personal 
genomics tools to the medical community.
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