
Bioinformatics Applications and Services at NI4OS 
from the Cyprus Institute of Neurology and Genetics

GEORGE  M. SPYROU, PHD

Bioinformatics European Research Area Chair and Department Head, 

Bioinformatics Department, The Cyprus Institute of Neurology & Genetics

Professor, The Cyprus School of Molecular Medicine



C-BIG C-BIG

The CING Bioinformatics Group (C-BIG) is a highly inter-disciplinary team founded in 2016
to host the Bioinformatics European Research Area Chair in Cyprus under the support of 
the EU H2020 ERA Chair grant, BIORISE (Grant Number 669026) with an EU contribution of 
EUR 2 273 546 for the period 2015-2020 and since then it has been transformed to a 
permanent Department within the Cyprus Institute of Neurology and Genetics (CING). 



Mission C-BIG

• The mission of the Group is to function as a hub of excellence in the areas of applied 
bioinformatics to early diagnosis, effective prognosis and drug discovery contributing to 
the concepts of Preventive, Personalized and Precise Medicine. 

• This is accomplished through state-of-the-art bioinformatics research, advanced 
education in postgraduate level, continuous development of bioinformatics methods and 
tools provided either as services or as publicly available applications and participation to 
international networks leading/participating in highly competitive research grant 
applications. 

• Further to this, the mission of the Bioinformatics Chair 
within CING is to make scientific and societal impact by 
educating/informing students, patient groups and 
physicians about the potentialities of Bioinformatics to 
Human health and well-being. 



Research C-BIG

The research in C-BIG is focusing on Network-based Computational Diagnostics and Therapeutics. 

We are analysing each layer of information separately (the omics spectrum, signalling and imaging 

measurements, clinical and other patient’s record data) and then we perform multiomics / multisource 

integration methods to generate descriptive profiles, to highlight complex patterns of potential biomarkers, 

provide insights regarding the underlying molecular mechanisms and suggest candidate repurposed drugs.



Research C-BIG

We have strong interest in network analytics that capture the systemic behavior of the biomolecules, to 

integrate multi-omics / multisource data, to generate comprehensive disease/patient profiles that will act as 

the stepping stone for AI-fueled computer aided diagnostics, to face complexities and to recognize criticalities 

in biomedical problems, trying to develop new mathematical/computational methods to offer a solution if 

possible. This way we try to contribute to the vision of personalized and precision medicine.



Bioinformatics Analytics C-BIG

 We are providing a number of Bioinformatics Analytics in terms of large-scale genomics (NGS) and 
proteomics analysis as well as post-omics analysis in the level of functional analysis and systems analysis 
as well. The already developed pipelines within CING are related to: 

(1) Whole Genome/Exome Sequence Preprocessing and Analysis, 

(2) RNA Seq (Bulk and Single-Cell) Preprocessing and Analysis, 

(3) Microarray Data Preprocessing and Analysis, 

(4) Proteomics Data Preprocessing and Analysis, 

(5) Metabolomics Analysis, 

(6) Metagenomics Analysis, 

(7) Structural Analysis –Cheminformatics 

(8) Functional Analysis – Pathway Analysis, 

(9)  Network Representation and Analysis, 

(10) Multi-omics / Multi-source Data Integration and visualization



Educating/training young scientists C-BIG

 PhD Supervision/co-Supervision: 3 completed PhDs, 4 PhDs 
running. 

 9 MSc students from CSMM have already completed their 
theses within Bioinformatics Group and currently there are 
other 3 MSc theses that are running. 

 4 undergraduate students have completed their diploma thesis 
under the co-supervision of the Bioinformatics Group. 

 The Bioinformatics Group has attracted up to now 12 
ERASMUS+ applications for hosting undergraduate, 
postgraduate students, and one professor. 

 53 internship students have been hosted and trained by the 
Bioinformatics Group, up to now.



Computational Infrastructure C-BIG

Local Computing Infrastructure: There are six high performance C-BIG servers 

(2 Application Servers , 2 Database Servers, 2 High Performance Computing 

Servers) connected to a Storage System.

Collaboration with the National Supercomputing Facility for Cyprus: 

The HPCF at CyI and the C-BIG are collaborating to provide a set of 

Bioinformatics tools and resources developed by C-BIG and powered 

by HPCF-CyI.

Participation in the NI4OS-Europe Catalogue: 

Some of the most mature bioinformatics applications developed by 

C-BIG are indexed at NI4OS-Europe Catalogue

Also, C-BIG participates in the Steering Committee for setting up 

the ELIXIR-Cyprus Node. 



Developing Publicly Available Tools C-BIG



Networks

Some basic info in a nutshell C-BIG



Networks

C-BIGSome basic info in a nutshell



Differential Analysis & Network-construction

Selected pipelines in a nutshell C-BIG

ProtExA is a web-tool for protein post-processing analysis from expression profiling 

experiments acting as an all-in-one tool for the statistical and functional analysis of 

protein expression datasets. 

It facilitates gene/protein differential expression analysis and protein co-expression 

network analysis as well as pathway and post-pathway analysis through network-based 

bioinformatics approaches.

ProtExA combines four main pillars of omics data analysis, commonly used in 

bioinformatics pipelines, providing significant information about the functional relations 

between protein and genes. 



 Differential Expression Analysis (DEA) and filtering to identify lists of top-scored proteins-genes

 Enrichment analysis to identify related pathways and their functional connectivity

 Creation of protein-protein co-expression networks

 Network clustering on co-expression networks to identify sub-networks that may related related to the 

biological condition under study

For a given set of protein expression data across samples, ProtExA: (1) performs statistical analysis 

and filtering to highlight the differentially expressed proteins, (2) generates protein co-expression 

networks using a variety of methodologies, (3) applies clustering methodologies to identify sub-

networks of co-expressed proteins, (4) performs enrichment analysis to identify top-scored pathways 

and (5) generates pathway-to-pathway and pathway-to-gene networks.

Differential Analysis & Network-construction

Selected pipelines in a nutshell



Differential Analysis & Network-construction

Selected pipelines in a nutshell



Differential Analysis & Network-construction

Selected pipelines in a nutshell



Pathway-expression Networks

Selected pipelines in a nutshell C-BIG

PathExNET is a web service that allows the creation of pathway expression networks that hold the over-

and under-expression information obtained from differential gene expression analyses. 

PathExNET holds a large database of reference pathway-to-pathway networks, which have been 

developed through the freely available information included in the KEGG, Reactome and Wiki Pathways 

database repositories. Users can upload their differential gene expression statistical analysis, followed 

with pathways and/or genes of interest, and further chose a score methodology to create and explore the 

derived pathway-to-pathway expression networks. 

In order to provide a concrete set of well-evaluated differential gene expression statistical analyses and to 

further increase the data-availability and easy data access of PathExNET, an additional tool has been 

rooted in PathExNET framework that allows to search and directly import, pre-processed statistic files 

from the Expression Atlas (EA) data repository of the European Bioinformatics Institute (EMBL-EBI).



Pathway-expression Networks

Selected pipelines in a nutshell C-BIG

Depending on the input type PathExNET provides:

• pathway-to-pathway expression networks where the node size represents a specific score and the 

edge size represents the number of common genes between two pathways

• pathway-to-gene networks where the edges characterise the relation between pathway and gene.

• a series of pathway expression scores related to the over- and under-expression statistical information 

of genes

• a network based information on a single pathway and it's first neighbours

• further statistical information on User's input



Pathway-expression Networks

Selected pipelines in a nutshell C-BIG



Network-based Inference

C-BIGSelected pipelines in a nutshell



Network-based Inference

C-BIGSelected pipelines in a nutshell



C-BIGSelected pipelines in a nutshell



Connected AD-related pathways

C-BIG

Clusters of pathways in AD

Selected pipelines in a nutshell



Clusters of pathways in HD

C-BIG

Clusters of pathways in GBA2-related diseases

Selected pipelines in a nutshell



C-BIGSelected pipelines in a nutshell

PathIN is a web-service that provides an easy and flexible way for rapidly creating pathway based networks, at 

several functional biological levels: genes, compounds and reactions. The proposed tool holds a large database 

repository of reference pathway networks, across a large set of species, which have been developed through 

the freely available information included in the KEGG, Reactome, and Wiki Pathways database repositories.

PathIN provides networks by means of five diverse methodologies: (a) direct connections between pathways of 

interest, (b) direct connections as well as the first neighbours of the given pathways, (c) direct connections, the 

first neighbours and the connections in between them, and (d) two additional methodologies for creating 

complementary pathway-to-pathway networks that involve additional (missing) pathways that interfere in-

between pathways of interest.

http://www.genome.jp/kegg/
https://reactome.org/
https://www.wikipathways.org/


C-BIGSelected pipelines in a nutshell



C-BIGSelected pipelines in a nutshell



Drug repurposing and re-ranking

C-BIGSelected pipelines in a nutshell



Drug repurposing and re-ranking

C-BIGSelected pipelines in a nutshell



Multiplex drug repurposing 
against COVID-19

C-BIGSelected pipelines in a nutshell



Selected pipelines in a nutshell



Thank you! C-BIG
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