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INSYBIO BIONETS 

This document is intended for researchers (molecular biologists, bioinformaticians, 

biostatisticians, and so on...) working in academia or biopharma, biotechnology and health 

industries who generate and/or analyze gene expression datasets or need further analysis to 

their own biological networks. 

 

INSYBIO BIONETS IS A BIOLOGICAL NETWORKS ANALYSIS TOOL FOR THE 

  

 Preprocessing, meta-analysis and visualization of biological networks  

 Preprocessing and analysis of gene expression data 

 Biomarker discovery through differential expression analysis and/or network comparison 

The execution of complex biological processes requires the precise interaction and 

regulation of thousands of molecules. Systematic approaches to study large numbers of 

proteins, metabolites, and their modifications have revealed complex molecular networks. 

Network representation of intracellular biological networks typically considers molecular 

components within a cell as nodes and their direct or indirect interactions as edges. Network 

representation enables integration of data from many different studies into a single 

framework. 

Biological networks are significantly different from random networks and often exhibit 

ubiquitous properties in terms of their structure and organization. The analysis of these 

networks provides novel insights in understanding basic cellular mechanisms and the 

mechanisms of disease pathologies. 

There exist different categories of biological networks. With InSyBio BioNets users can 

handle undirected biological networks. The main undirected biological networks are gene co-

expression and protein-protein interaction networks. InSyBio BioNets can also analyze 

directed biological networks but the edges’ direction is ignored. 

In gene co-expression networks, each node is a gene and each edge indicates a correlation 

between the expression profiles of the two nodes/genes it connects. Gene co-expression 

networks can be used to find genes with similar functional properties and to uncover 

biomarkers through the comparison of networks derived from different states (e.g. control vs 

disease states). Gene co-expression networks can be constructed by using gene expression 

experimental techniques, such as microarray or RNA-seq experiments. 

Protein-protein Interaction (PPI) networks consist of nodes which represent proteins and 

edges which represent the physical (undirected) or functional (directed) interactions between 

the nodes-proteins. PPI networks can be constructed using experimental or computational 

techniques. The edges of the PPI networks can have weights representing the strength or 

the confidence score of the interaction. PPI networks can be used to functionally characterize 

proteins, predict protein complexes and protein biomarkers when comparing PPI networks 

from different cellular states to locate significantly altered regions of the network. 

InSyBio BioNets provides a set of tools for the construction, preprocessing, meta-analysis 

and visualization of biological networks. Moreover, additional tools for parsing gene 
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expression files, creating gene co-expression files and uncovering differential expression 

biomarkers have been incorporated into InSyBio BioNets to enable the construction and 

analysis of gene co-expression networks. Supplementary tools are also offered to ease 

InSyBio BioNets users. In specific, users can perform time consuming analysis steps and 

analyze large biological networks and large gene expression files using our user friendly job 

scheduling mechanism. Regarding the uncovered biomarkers, users have access to 

informative biomarker reports which include links to other publicly available databases for 

these biomarkers, links to our PPI interaction repository (InSyBio Interact) and information 

about the prior knowledge on associating these biomarkers to diseases. 

INSYBIO BIONETS KEY PROPERTIES: 

 Biomarker discovery using a novel systems medicine approach based on biological 

network comparison which leads to more compact biomarker sets with increased 

predictive accuracy. 

 Semi-automated web based analysis of gene expression data and biological network 

analysis: Users can start by uploading their experimental data and InSyBio BioNets 

will guide them towards their optimal exploitation with biomarker discovery. 

 No need for personal super computers to perform difficult computing tasks: they are now 

executed in our cloud infrastructure with minimum burden on the user’s pc. Through our 

job dashboard users can easily track the progress of their jobs and see the results. 

 Flexible analysis: Experienced users can select through a variety of provided algorithms 

and parameters while inexperienced ones can use our fine-tuned default setups. Users 

can also ignore some of our analytical steps and use their own algorithms for 

performing them. 

 Informative Biomarkers Reports which integrate information from publicly available 

databases (Genecards, OMIM) about the extracted biomarkers, information about the 

association of genes with diseases (DisGeNet database), information about biomarkers gene 

products (InSyBio Interact Tool information) and biomarkers’ significance as revealed by 

InSyBio BioNets approach. 

WITH INSYBIO BIONETS YOU CAN: 

1. Predict clusters (e.g. protein complexes) from a biological network (e.g. Protein-

Protein Interaction graph) 

2. Visualize biological networks 

3. Analyze biological networks to control their quality, find significant nodes and edges, 

conduct shortest path analysis and so on. 

4. Parse SOFT files 

5. Parse gene expression data files 

6. Construct gene co-expression networks from gene expression data 

7. Uncover biomarkers using differential expression analysis 

8. Uncover biomarkers using network comparison analysis 

9. Merge differential expression biomarkers with network comparison biomarkers 

10. Access informative biomarker reports on the extracted biomarkers 

11. Analyze large biological networks and large gene expression files using our user 

friendly job scheduling mechanism 
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INSYBIO BIONETS CASE STUDY: PARKINSON DISEASE 
 

DISCOVERING NEW KNOWLEDGE FROM A WELL STUDIED GENE 

EXPRESSION PARKINSON DATASET WITH INSYBIO BIONETS 

Parkinson Disease (PD) still remains a disease whose diagnosis is based on clinically 

detectable symptoms. When these symptoms arise, it is quite late for the effective patients’ 

treatment. PD has been attributed to genetic and environmental causes in the relevant 

scientific literature. However, until now, there exist only limited early stage diagnostic tests of 

limited predictive accuracy. A new trend in the discovery of PD early stage biomarkers is the 

discovery of genetic PD biomarkers from blood samples. This could lead to accurate and low 

cost diagnostic tests for the diagnosis of early stage PD. 

As a case study, we analyzed a dataset (GDS2519) from Gene Expression Omnibus 

repository (http://www.ncbi.nlm.nih.gov/geo/). This dataset has been constructed by 

performing microarray experiments on blood samples of 50 early stage Parkinson Disease 

patients, 22 control healthy subjects and 33 other neurodegenerative disease control 

subjects in order to measure the expression levels of more than 20.000 human genes. 

Using InSyBio BioNets we attempted to maximize the information we can retrieve from this 

dataset which has been originally analyzed for biomarker discovery using differential 

expression analysis. 

The following algorithmic tasks were performed: 

1. Data parsing: The initial soft file was parsed and three gene expression datasets were 

automatically constructed (one for every different experimental state: early stage PD 

patients, healthy control subjects and other neurodegenerative disease control 

subjects) 

2. Data normalization: Logarithmic normalization on the expression values was 

performed 

3. Data filtering: Data were filtered to reduce insignificant genes using minimum average 

expression value (2.5) and minimum expression values variance (0.001) filters.  

4. Differential expression analysis:  The state of the art method, Wilcoxon Rank Sum Test 

was performed (as initially conducted by the authors who published this dataset) to 

uncover differential expression biomarkers and rank them using their p-values. 

5. Gene co-expression networks construction: Gene expression datasets were used to 

construct PD and control gene co-expression networks. A variation of the Mutual 

Information method was applied to achieve this. In specific, for every two nodes an 

edge is added to the gene co-expression network, if the mutual information among 

the expression profiles of the two nodes of the edge exceeds a threshold. The 

thresholds for adding edges are dynamically generated to alleviate problems 

occurring by using the same threshold for all nodes. In particular, for a single node 

Mutual Information between this node and all other nodes is calculated. We then 

assume that the Mutual Information values between a single node and all other nodes 

follows a normal distribution, and then the threshold for adding edges was selected to 

be in a predefined confidence interval (99% for our case study). In order to force 

nodes to have a minimum number of edges we specified a minimum value (0.7 for 

http://www.ncbi.nlm.nih.gov/geo/
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control network and 0.5 for PD network) for the threshold of adding an edge in the 

network. 

6. Network Analysis: Both co-expression networks were analyzed to explore their 

feasibility and locate significant nodes and edges on them. It is noteworthy that both 

networks were found to resemble biological networks when comparing their degree 

distribution with the random network’s power law distribution. 

7. Network-based biomarkers prediction: PD and control gene co-expression networks 

were compared to locate the significantly altered network’s parts which are with a 

high probability linked to the disease cause. This comparison was based on the 

Pagerank node metric. Pagerank method triggers random walkers starting from each 

node. Significant nodes are collecting more information from the diffused quantities of 

the random walkers over time. Experienced users can also select the confidence 

interval for tuning the threshold of assigning a node as biomarker. Higher confidence 

interval values lead to the extraction of more compact sets of biomarkers. The 

biomarkers we extracted with InSyBio BioNets Network Comparison module where 

the nodes whose role in the two networks was altered with statistical significance 

(being within a confidence interval of 90%) 

8. Final integrative biomarkers extraction: The network-based biomarkers and the 

differential expression biomarkers were merged using the merging tool of InSyBio 

BioNets to extract a compact list of 54 biomarkers and an informative report for them 

including their significance for the early stage diagnosis of PD, their prior association 

with diseases and information about them and their gene products (function, cellular, 

localization and so on.) 

Method #PD Biomarkers 
Percentage of PD related genes in 

DisGeneNet (Piñero et al, 2015) 

Wilcoxon Rank Sum Method 

(Scherzer et al, 2007) 
834 7,47% 

InSyBio BioNets Approach 54 13,46% 

Table 1: Comparative Results of InSyBio BioNets approach with traditional differential expression 

biomarkers approach when applied to locate early stage diagnostic biomarkers for PD. 

From Table 1 it is easily observed that the proposed approach has achieved to uncover a 

more compact and more informative set of biomarkers. Moreover, the uncovered biomarkers 

are significantly more enriched with genes which have been previously associated with 

Parkinson Disease. 

InSyBio BioNets informative report (see figure 1) facilitated our further analysis of the 

extracted biomarkers.   
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Figure 1: Screenshot on the extracted biomarker report of InSyBio BioNets when analyzing the case 

study’s PD dataset 

The most significant biomarkers which have been uncovered from InSyBio BioNets approach 

were further analysed (see Table 2 for a detailed analysis of the 5 most significant 

biomarkers found). This analysis indicated that the uncovered biomarkers are significantly 

associated with mental diseases and nucleotide binding molecular function indicating a 

common mechanism between Parkinson and mental diseases which should be further 

explored. 

Gene 

Symbol 

Gene Name Confidence 

Score 

Molecular 

Functionalities of 

corresponding 

protein 

Diseases Related 

with this gene so 

far 

HNRNPA3 Heterogeneous 

nuclear 

ribonucleoprotein 

A3 

0.713 Nucleotide binding; 

nucleic acid binding;  

RNA binding; poly(A) 

RNA binding 

Schizophrenia; 

Multiple Endocrine 

Neoplasia Type 2a 

DDX21 DEAD (Asp-Glu-

Ala-Asp) box 

helicase 21 

0.704 nucleic acid binding; 

DNA binding; RNA 

binding; double-

stranded RNA 

binding 

Colorectal Carcinoma; 

Connective Tissue 

Diseases; Gastric 

Antral Vascular 

Ectasia 
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CACNG5 calcium channel, 

voltage-

dependent, 

gamma subunit 5 

0.677 voltage-gated 

calcium channel 

activity; protein 

binding;  ion 

transmembrane 

transporter activity 

Mental Disorders; 

Schizophrenia; Bipolar 

Disorder 

DNTT DNA 

nucleotidylexotran

sferase 

0.658 DNA binding; 

catalytic activity; 

DNA-directed DNA 

polymerase activity; 

DNA 

nucleotidylexotransfe

rase activity;  

nucleotidyltransferas

e activity 

Schizophrenia; 

Attention Deficit 

Disorder with 

Hyperactivity; Autistic 

Disorder; Diabetes 

Mellitus, Type 1; 

Bipolar Disorder; 

Multiple Sclerosis and 

so on 

PRPF4B pre-mRNA 

processing factor 

4B 

0.611 protein kinase 

activity; protein 

serine/threonine 

kinase activity; 

protein tyrosine 

kinase activity; 

protein binding; ATP 

binding 

NEOPLASM 

MALIGNANT; 

Carcinoma; Parkinson 

Disease; Familial 

paroxysmal dystonia 

Table 2: Further analysis on 5 most significant (confidence score>0.5) uncovered early stage diagnostic 

PD biomarkers 

As a conclusion when InSyBio BioNets was deployed to analyze a well-studied microarray dataset 

for PD achieved to: 

 Uncover novel high quality genetic biomarkers. 

 Find a significantly more compact PD diagnostic biomarker set which is more likely to be 

linked to the PD disease mechanism as it depicts the variations in the network level. 

 Raise new biological hypotheses about the relation of Parkinson disease mechanism 

with mental diseases (such as Schizophrenia and Bipolar disorder). 
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ABOUT INSYBIO  

InSyBio Ltd is a bioinformatics pioneer company (www.insybio.com) in personalized 

healthcare, that focuses on developing computational frameworks and tools for the analysis 

of complex life-science and biological data in order to develop predictive integrated 

biomarkers (biomarkers of various categories) with increased prognostic and diagnostic 

aspects for the personalized Healthcare Industry. 

InSyBio Suite consists of tools for providing integrated biological information from various 

sources, while at the same time it is empowered with robust, user-friendly and installation-

free bioinformatics tools based on intelligent algorithms and methods. 

 

HOW TO GET INSYBIO BIONETS?  

A demo version of InSyBio BioNets is freely available at http://demo.insybio.com. 

To request a free one month full (evaluation) version of InSyBio BioNets please email us at 

info@insybio.com. 

To purchase InSyBio BioNets commercial version 1.0 please contact us at 

sales@insybio.com. 
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