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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 N
educating/informing students, patient groups and ’*“Dii“!a“agn i
physicians about the potentialities of Bioinformatics to 4
Human health and well-being.




Research

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

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 Al-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

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

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

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

(2 Application Servers , 2 Database Servers, 2 High Performance Computing - e
Servers) connected to a Storage System. " J vl YA R .1‘" docker
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Collaboration with the National Supercomputing Facility for Cyprus:
The HPCF at Cyl and the C-BIG are collaborating to provide a set of
Bioinformatics tools and resources developed by C-BIG and powered
by HPCF-Cyl.

Participation in the NI40OS-Europe Catalogue: ERR)
Some of the most mature bioinformatics applications developed by N |§(OS
C-BIG are indexed at N140OS-Europe Catalogue il o el e

Also, C-BIG participates in the Steering Committee for setting up
the ELIXIR-Cyprus Node.




Developing Publicly Available Tools

a drug repurposing tool based on pathogen
commonalities

Pathway Connector
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an easy way for rapidly relating pathways
together
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Pathway Interaction Networks

creating multilevel pathway interaction
networks
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ranking candidate drugs, combining
functional and structural criteria

creating pathway networks form gene

expression statistics

post-processing of protein and gene
expression datasets
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Some basic info in a nutshell

Networks

A visualization of relationships among a set of entities How to ana|yze a network ?
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Some basic info in a nutshell

Networks

2> A scale-free network is a network whose degree distribution
HOW to analyze d nEtwork = follows a power law, at least asymptotically.

The highest-degree nodes are often called "hubs", and are
thought to serve specific purposes in their networks,
although this depends greatly on the domain.

The scale-free property strongly correlates with the
network’s robustness to failure.

How susceptible is
network to failure

both from random log Pk) k

P(k)~k"
and strategic attack?
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Disease-related perturbations <> Attacks in the connectivity of the network



Selected pipelines in a nutshell

Differential Analysis & Network-construction

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-basec
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.



Selected pipelines in a nutshell

Differential Analysis & Network-construction PRPOTEYA

PROTEIN EXPRESSION ANALYSIS

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.



Selected pipelines in a nutshell

Differential Analysis & Network-construction PROT N

PROTEIN EXPRESSION ANALYSIS
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Selected pipelines in a nutshell

Differential Analysis & Network-construction

Example of CLR protein-to-protein network (A) Overall CLR network derived from the
analysis of a mouse protein experiment. (B) Filtered network showing only the edges

that exhibit the mean edge-weight.

PROTEXA

PROTEIN EXPRESSION ANALYSIS



Selected pipelines in a nutshell

Pathway-expression Networks PathEXNET

PATHWAY EXPRESSION NETWORK TOOL

i — e S—

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 PathExXNET, 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 PathEXNET

Selected pipelines in a nutshell

PATHWAY EXPRESSION NETWORK TOOL

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



Selected pipelines in a nutshell

Pathway-expression Networks PathEXNET

PATHWAY EXPRESSION NETWORK TOOL
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Selected pipelines in a nutshell

Network-based Inference

@ Initial: 314 nodes
@ maps:: 91 nodes
%/ clusters: ;1

connected network

unconnected network
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Selected pipelines in a nutshell

Network-based Inference
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Selected pipelines in a nutshell

< cC O

1 - Select Database and

Select species to work with:

Homo sapiens (human) -

Select database to use for the

analysis
KEGG_2016 -
2. Upload your Files (2]
Select file type to upload ... w
V'PATHS

PATHS_KEGG_pathways.txt

Test an example from List =

Clear Everything Update Initial NET

i 3. Create Complementary

Select Algorithm:

@ pathwayconnector.cing-big.hpcf.cyi.ac.cy/#

A Home

@ Original NET: 10 Edges, 11 Nodes
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Selected pipelines in a nutshell

Connected AD-related pathways

I Initial: 20 nodes

O Intermediate: 7 nodes
© maps: : 0 nodes

\/ clusters: : 1
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Selected pipelines in a nutshell

Clusters of pathways in HD Clusters of pathways in GBA2-related diseases

clustering using: edge algorithm (

IEEE J Biomed Health Inform. 2018 Aug 30. doi: 10.1109/JBHI.2018.2665569. [Epub ahead of print]

Revealing Clusters of Connected Pathways through Multisource Data Integration in Huntington's
disease and Spastic Ataxia.

Kakouri A, Christodoulou CC, Zachariou M, Qulas A, Minadakis G, Demefriou CA, Voisi C, Zamba-Papanicolaou E, Christodoulou K, Spyrou G.




Selected 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 : , and 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/

Selected pipelines in a nutshell

PathiIN

Select Reference Networks Select from 177 available species Select network type information

i1 KEGG Reference Networks - Homo sapiens v O KEGG Gene-Based Network Information -
Select network methodology Network Direction

® Find Missing Pathways (shortest paths) - % Undirected Networks - 2 |mport Data H « GOFORIT

[™ 4 pathways used for your analysis. You can refine your search using the Import Data button

KEGG pathways network using missing pathway approach

Edges refer to the number of common genes between pathways and the node size refers to the number of genes included in the pathway The blue nodes
are the user/'s defined pathways while the green ones refer to the additional pathways that derive from the selected network methodology. The black edges
are those that do not share any genes. Double-Click on a single pathway to see the first neighbors, or on a single edge to see commonality information
according to KEGG reference network.

[™ Metwork contains: [7 nodes,9 edges]



Selected pipelines in a nutshell

.
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Selected pipelines in a nutshell

Drug repurposing and re-ranking
SCIENTIFIC REPg}RTS

OFEN Drug repurposing in idiopathic

Gene Expression Datasets
Related to IPF

Gene Selection

Statistical Analysis Network Analysis

. S S
pulmonary fibrosis filtered by a rug Repurposing
bioinformatics-derived composite UNCS  Spiedw  Cmap
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CoDReS-based re-ranking of repurposed drugs
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A Web Tool for Ranking Candidate Drugs Against a Selected Disease
Based on a Combination of Functional and Structural Criteria

Evangelos Karatzas,®P George Minadakis,”® George Kolios,® Alex Delis,2 and George M. Spyrou®d»
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Upload your drug input file
*The input file must contain one or two tab separated columns: the drug names and weights respectively. The first column is mandatory!
Select file type to upload v

Load Example ~ Clear Files

Choose Related Disease

J

Functional Weight
| 1.0

Structural Weight

|1.o B

Input Weight

‘1.0 X

K

The CoDReS results are returned as a table at the bottom of the page after the execution. Results can be either copied or printed, or saved in CSV,
Excel or PDF format. tems marked with ], refer to the exemplar drugs found n terms of the Affinity Propagation Clustering algorithm.

Run CoDReS



Selected pipelines in a nutshell

Drug repurposing and re-ranking

< C (Y} @& codrescing-big.hpcf.oyiaccy/# 2 % @ & » 0O e

iz CoDReS analysis results. Exemplar drugs are depicted with green color

Show |10 v | entries search: copy |[ csv || Excel || POF || Print |
Initial Input DrugBank DrugBank Input Functional Structural
. Position Drug Name ID Score Score Score bt
1 2 cefotaxime ¥ cefotaxime DB00493 0993798 1 0.833333 1.000000
2 15 vorinostat " vorinostat DB02546 0.935543 0.566667 0.833333 0.826118
3 19 daunorubicin =« daunorubicin DB00694 0.916429 0.433333 0.666667 0.713242
4 11 palonosetron  palonosetron DBO0377 0.95791 0 1 0692543
5 7 pidarubicine  epirubicin DBO0445 0.964823 0433333 05 0671407
6 5 pirarubicin pirarubicin DB11616 0977227 0 0. 666667 0581471
T’ 18 dactinomycin  dactinomycin DBO0S70 0.920191 02 0.333333 0514134
8 1 ly-303511 ly-303511 unassigned 1 0 0 0.353715
9 3 cop-60474 cgp-60474 unassigned 0.993697 0 0 0.351486
10 4 pik-75 pik-75 unassigned 0.969122 0 0 0349868

Showing 1 to 10 of 20 entries Previous 2 Next



Selected pipelines in a nutshell

a Data sources

@ Shen, B. et al. medRxiv 2020.04.07.20054585 (2020)

@ Xiong, Y. et al. Emerg. Microbes Infect. 9, 761-770 (2020)

@ Blanco-Melo, D. et al. Cell (2020)
@ Public Databases
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Multi-omics data integration and network-
based analysis drives a multiplex drug
repurposing approach to a shortlist of
candidate drugs against COVID-19 &
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WE TAKE ACTION AGAINST COVID-19

We take action in the fight against COVID-19

NI40OS-Europe opens a fast track access channel to its services, tools and software for the Scientific communities that perform extensive
research to tackle the COVID-19.

Computational resources have already been allocated to the Bioinformatics European Research Era Chair and the Bioinformatics Group
at the Cyprus Institute of Neurology and Genetics. The research team has put their efforts in the multi-omic analysis and network-based

integration towards a highly-informed decision regarding a short list of repurposed drugs and related to them natural products against
COVID-19.
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