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Insybio Pipelines 

Introduction 

Pipelines is a tool that provides an integrated optimized pipeline from raw data 

until the discovery of biosignatures, networks and predictive models. It takes as input 

a dataset file and after performing statistical and network analytics, it uses the dataset 

to train a machine learning model identifying at the same time the optimal 

biomarkers for the trained model. 
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To start the calculation: 
Click in the menu “InSyBio Pipelines” , select the “Add new job” button and then: 

●​ Upload a new Biomarkers Dataset file with features as rows and samples as 

columns and a corresponding Biomarkers Labels file with all labels in one row, 

separated by tabs. You are redirected to the Data Store where step by step 

instructions guide you. 

●​ Or Select a file from the Data Store. There you can find your previously 

uploaded files or InSyBio pre-uploaded sample datasets. 

​

 

​ After that the user will have to insert the information regarding the headers. That is 

to inform the application if the original dataset has sample headers or feature headers. 

Optionally, the user will have the option to insert the names of the features that will be 

used for normalization. 
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The user should also select which Pipeline Steps he wants to be performed. There are 

six steps. All steps have pre-optimized parameters and steps for general purpose and 

pre-optimized parameters and steps for specific application domains that we use as 

defaults, but the user can configure these values manually. It is advised that the default 

values are used. 
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Preprocessing 
The first step is the Preprocessing. The user can select if preprocessing should be 

performed. During preprocessing we filter the dataset, perform normalization, missing 

values imputation, duplicate measurements averaging and outlier detection with the PCA 

LOF method. 

 

More specifically, there are two kinds of normalization: arithmetic sample-wise and 

logarithmic. It should be noted that when the data contain negative numbers the 

arithmetic normalization should be chosen, since logarithmic normalization method 

functions only with non-negative data. If “None” is chosen, no normalization takes place.  

There are two kinds of missing value imputation methods as well: average 

imputation and KNN imputation. Average imputation is a method in which the missing 

value on a certain variable is replaced by the mean of the available cases . On the other 1

hand, the key idea of KNN imputation is that a point value can be approximated by the 

values of the points that are closest to it, based on other variables . The above missing 2

values imputation methods are relevant only for cases where a missing value does not 

imply a quantification value of zero. In such cases, missing values should be replaced with 

zeros before uploading the dataset. If “None” is chosen then no missing value imputation 

takes place.  

2 The use of KNN for missing values (towardsdatascience.com) 

1 Single Imputation Methods (iriseekhout.com) 
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Furthermore, if a missing values imputation method is being chosen instead of 

“None”, the duplicate measurements will be averaged.  

 

To view the results: 

By starting a calculation the Pipelines dashboard is updated with the submitted 

job. There you can view the status of your current and previous Pipelines calculations. 

At completion of the calculation you can select the View Details at the Actions column 

and view the results. 
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In the Preprocessing tab the user will be able to download the resulting preprocessed file. 

Statistical Analysis 
The second step is Statistical Analysis. This step is mandatory. At this step, Differential 

Expression Analysis, Heatmap construction and Spearman correlation table construction 

are performed.  

 

Only variables annotated as genes/transcripts/proteins will be used for differential 

expression analysis. If a user has uploaded a phenotypic annotation file with more than two 

columns then multiple tasks will be created with one column of the phenotypic annotation 

per file. Every phenotypic column can take two or more values. 

The user has to select the type of analysis to be made on the inserted dataset. There 

are two types of statistical analysis, paired and unpaired analysis. 

Afterwards the user will have to insert the p-value threshold value, which is 

recommended to be 0.05. 

Then, the user will choose the kind of test to be performed on the selected dataset: 

automatic, parametric Ebayes Test Selection, parametric 2-sided Students T-test (or 
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One-way ANOVA Test Selection) or non-parametric Kruskal Wallis (or Mann Whitney Test 

Selection) test. If the automatic version is chosen, then our algorithm will decide which test 

to run: the parametric or non-parametric. 

To view the results: 

 

In the Statistical Analysis tab the user will be able to view the Statistical Analysis 

Results (the top 20 features), the Heatmaps, the Volcano plots, the significant 

molecules, the molecular quantification (MQ) files and he’ll be able to download the 

Beanplots and all the resulting files. Finally, in the last tab the run information will be 

displayed. 

 

 

 

 

 

InSyBio - Intelligent Systems Biology - www.insybio.com - info@insybio.com  Page 7 of 29 

 

http://www.insybio.com
mailto:info@insybio.com


 

InSyBio Pipelines 

 

General Predictive Model Creation 
The third step is the General Predictive Model Creation.  This step is also mandatory 

and allows users to train their own predictors using the biomarkers dataset, the 

phenotypic annotation and the parameters that they selected. 

The user chooses the kind of prediction problem he has at hand. Later, he can alter 

the weights of the predictor goals. It is advisable to use the default values. The higher 

the weight, the more significant the goal. 

Finally, the user can alter the multi-objective optimization framework parameters 

at the Advanced Options. Those are the population size, the number of generations, 

the arithmetic crossover probability, the two point crossover probability, the mutation 

probability and the number of folds k for the cross validation. 
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To view the results: 
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In the Full Predictive Model tab the user will be able to view the classification (or 

regression) performance of the cross validation and of the training set. For the two-class 

prediction problem the user will be able to see the accuracy, sensitivity, specificity, f1 score, 

f2 score, ROC AUC score. For the multi-class prediction problem the user will be able to see 

the accuracy, f1 score, f2 score, precision, recall and Manhattan distance and for the 

regression prediction problem the user will be able to view the root mean square error, the 

relative absolute error, the root relative squared error, the R2 (coefficient of determination) 

regression score, the explained variance score and the Spearman Correlation. 
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Additionally, the complexity of every model, which is the total number of support 

vector machines and the number of trees for RandomForest and also, the average and the 

best performance of the trained model are being displayed. 

Differential Expression Predictive Model Results: 

At the Differential Expression Predictive Model tab you can view the same results as 

at the Full Predictive Model tab. The difference between them is the input to this same 

step. For the Differential Expression prediction step the input is original dataset with only 

the significant biomarkers selected. 
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Network-based Predictive Model Results: 

 

At the Network-Based Predictive Model tab you can view the same results as at the Full 

Predictive Model tab. The difference between them is the input to this same step. For the 

Network-Based prediction step the inputs are the original dataset with only the significant 

biomarkers and the output of the Network Comparison  

 

 

 

 

 

 

 

 

 

InSyBio - Intelligent Systems Biology - www.insybio.com - info@insybio.com  Page 12 of 29 

 

http://www.insybio.com
mailto:info@insybio.com


 

InSyBio Pipelines 

 

Network Analysis 
The fourth step is Network Analysis. This step is optional and it consists of five steps:     

●​ Bionet Create Gene Co-expression Networks. 

●​ Biological Network Analysis 

●​ Network Comparison Biomarkers 

●​ Interact Enrichment Analysis 

●​ Bionets Clustering 

​ At each step, the default value for every parameter is selected. These values can be 

configured manually by the user. 

To view the results: 

In the Network Analysis tab you can view the five different tabs for each step of the 

Network Analysis steps. 
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Gene co-expression network creation 

Gene expression files, either uploaded directly by the users or generated through 

soft files parsing, can be used to generate weighted gene co-expression networks. 

Experienced users can tune the parameters of the algorithms used for this step and 

select the most suitable algorithm for them. Three options are offered: 

●​ Pearson Correlation: This method adds an edge to a network if the Pearson 

correlation of the nodes adjacent to the edge exceeds a threshold. 

●​ Mutual information: This method adds an edge to a network if the mutual 

information among the expression profiles of the two nodes of the edge 

exceeds a threshold. 

●​ Spearman Correlation: This method adds an edge to a network if the 

Spearman correlation of the nodes adjacent to 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 

Pearson correlations or Mutual Information or Spearman correlations between this 

node and all other nodes are calculated. Assuming that the Pearson 

correlation/Mutual Information/Spearman correlation values between a single node 

and all other nodes follow a normal distribution, then the threshold for adding edges is 

selected to be in a predefined a confidence interval (90%, 95% or 99%). The confidence 

interval is predefined at 99% but the users can change this value in order to get denser 

or sparser networks. In order to force nodes to have a minimum number of edges 

users can also specify a minimum value for the threshold of adding an edge in the 

network. Experienced users can further filter nodes from the network by altering the 

minimum expression variance threshold and the minimum average of the 

logarithmized expression values threshold. 

To view the results: 

In the Co-expression Networks tab you can view and download the created 

networks. 
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Biological Network Analysis 

In order to analyze the biological network, the users can tune the following 

parameters if they are experienced: 

●​ Method for selecting significant nodes (Pagerank (default), Clustering 

Coefficient, degree centrality]) 

●​ Confidence interval for locating significant nodes 

●​ Method for selecting significant edges (Edge weight (default), Inbetweeness 

centrality) 

●​ Confidence interval for locating significant edges 

 

 

To view the results: 

Four new tabs are generated, General Network Analysis, Node/Edges Metrics, 

Significant Nodes/Edges and Network Topology. 

At the General Network Metrics tab users can view the most significant network 

metrics (clustering coefficient, Estrada index and so on) and compare the degree 

distribution of their network with a random network’s power law distribution. 

Information in this tab is not available for networks with more than 225000 edges. 
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At the Node/Edges Metrics tab users can find the metrics for all nodes (degree 

centrality, clustering coefficient and pagerank centrality) and edges (edge weight and in 

betweenness centrality) of your network. 
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At the Significant Nodes/Edges tab users can access two tables including the 

significant nodes and edges. For each node and edge, the respective metrics and the 

p-values of their significance a. Significant edges are not available for networks with 

more than 225000 edges. 
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The Network Topology tab offers an interactive visual representation of the biological 

network. When networks have more than 10,000 edges, a haircut filter is applied before the 

visualization of the network. If the haircut filter cannot reduce the number of edges below 

10,000 edges then no network visualization is provided. Networks’ visualization is based on 

the Cytoscape plugin and it provides an interactive graphical interface. Users can retrieve 

information about clicked nodes and edges, export the image in different formats (a PNG, 

SVG, JPG), decrease opacity on mouseover and view the network using different 

visualization layouts (force-directed, circle or radial). 
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Network Comparison Biomarkers 

 

It is widely accepted lately that differential expression biomarkers are large in 

numbers, contain a large number of false positives and mainly depict the outcome of 

disease mechanism and not its cause. For this reason, the current trend in biomarker 

discovery is to detect biomarkers by comparing biological networks. Biological 

networks are slightly altered in different biological conditions and changes on them 

are associated with the causes of disease mechanisms with high probability. 

When having two biological networks of different conditions, users can use them to 

predict network biomarkers with an InSyBio’s novel methodology. In particular, a 

certain network metric is selected and InSyBio BioNets attempts to detect network’s 

nodes with significantly altered values for this network metric. Thus, our approach 

finds nodes whose role in the network has significantly changed among the different 

conditions. Experienced users can select a specific network metric among the 

following ones: 

●​ Degree Centrality 

●​ Clustering Coefficient  

●​ Pagerank method  

Pagerank method is the default one. This 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 
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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. 

 

To view the results: 

At the Network Biomarkers tab the results are presented in a table with Gene, 

Confidence Score, Centrality metric in control network, Centrality metric in examined 

phenotype/condition network, Difference in centrality metric between examined 

phenotype and control networks, Database, Related Uniprot ID, Link to External 

Databases columns. Clicking a Gene Expression field the user can view diseases 

associated with that gene. Clicking a Related Uniprot ID field the user can view the 

related protein in our InSyBio Interact tool. Clicking a Link to External Databases the 

user can view the gene in external databases. 
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Interact Enrichment Analysis 
 

You can perform enrichment analysis with hypergeometric distribution on a given 

a list of proteins, genes or transcripts and produce a list of GO terms associated with 

the list, with their term specificity and score in the distribution. You can also provide 

your custom annotation, term, term type and functional annotation of molecules files, 

that will be appended to the default files to perform the enrichment. You can define a 

pvalue threshold for the biomarker to GO terms association output. 
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To view the results: 

At the Enrichment Analysis tab you can view the results that are a list of GO terms, 

terms type and name, specificity, enrichment score, associated Uniprot ids and input 

ids. 

 

 

Bionets Clustering 

At this step, you can analyze your Biological Network to extract complexes of 

similar nodes (i.e protein complexes), Weighted and unweighted Biological Networks. 
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For the prediction of Biological Network complexes one option is supplied: 

Clustering with Overlapping Neighborhood Expansion (ClusterONE). 

●​ Complexes size threshold: (default value 3) 

●​ Complexes density threshold: (default value 0.3) 

To view the results: 

At the Clustering tab you can view the different network clusters that are 

computed. You can also visualize them by clicking “View Complex”. 

 

InSyBio - Intelligent Systems Biology - www.insybio.com - info@insybio.com  Page 23 of 29 

 

http://www.insybio.com
mailto:info@insybio.com


 

InSyBio Pipelines 

 

 

ncRNAseq Predict  

The fifth step is the ncRNAseq Predict step. This step is also optional and with this 

step you can computationally predict potential miRNA targets at given Genes or 

Transcripts and given miRNAs. BLAST is performed in order to find potential target 

sites, and then the computational intelligent technique, which was applied for the 

prediction of miRNAs (hybrid combination of Genetic Algorithms and epsilon-SVRs), 

and 124 informative features are used in order to calculate a prediction score. 

For this step: 

●​ Select miRNAs and the Genes you want to search for potential targets by 

searching in our Database and adding them to the miRNA List and Genes List 

or add them manually to their Lists and separating them with commas. 
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To view the results: 

At the tab miRNA Target Prediction the results are presented on your screen in a 

browse-able table, with each miRNA and gene pair in a row with their confidence 

score. By pressing Details at the Actions Column the specific scores between the 

miRNA and the gene’s transcripts can be viewed. If no target sites are found “No 

targets found!” is presented at the score column. If one or more target sites are found 

you can view its UTR sequence, with the target sites of the miRNA highlighted. 

Multiple target sites are marked with green color and unique target sites are marked 

with light blue.  

 

 

Testing Multi-biomarker Predictive 

Analytics Model 
The sixth and final step is the Testing Multi-biomarker Predictive Analytics Model 

step. This step is also optional and allows the users to test the predictors that they 

have trained in the previous “training” step. 

The first input file is the test dataset, which can be preprocessed or not 

preprocessed. The second input are the testset labels, which is optional. If the user 

inserts the testset labels then he’ll receive as an output along with the predicted 

labels the performance metrics of the prediction. 

It should be noted that the input dataset must have the format of the previous 

functionalities, that is it should have as rows the features and as columns the samples. 
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At the end, the user should click the Submit Job button to start the job.   

 

To view the results: 

At the Full Model Testing tab the user will be getting  the following results. He’ll view 

the predicted labels and the performance metrics. For the two class classification problem 

(two-class, multi-class) he’ll view the test set accuracy, specificity, sensitivity, f1 score, f2 score 

and ROC AUC score. For the multiclass classification problem he’ll view the test set 

accuracy, f1 score, precision, recall, f2 score and Manhattan Distance. For the regression he’ll 

view the testset mean squared error, the test set relative absolute error and the root relative 

squared error.  
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Cloud computing Infrastructurer and 
Security Certifications

 

InSyBio Suite and all its tools are running over the cloud computing as a service 

infrastructure of Vultr (https://www.vultr.com), at the Amsterdam (Netherlands) 

facilities, offering the following security attestations and certifications (SOC 2+ (HIPAA), 

PCI (Merchant), CSA Star Level 1, ISO/IEC 20000-1:2018, ISO/IEC 27001:2022, ISO/IEC 

27017:2015, ISO/IEC 27018:2019). 

 

 

 
How to get InSyBio Interact 

 

To request a free one month license of InSyBio Suite please email us at 

info@insybio.com . 

To purchase InSyBio Interact commercial version 3.3 please contact us at 

sales@insybio.com. 

About Us 
 

InSyBio Inc 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 
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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. 

COPYRIGHT NOTICE 

External Publication of InSyBio Inc - Any InSyBio information that is to be used in 

advertising, press releases, or promotional materials requires prior written approval 

from the InSyBio Inc. A draft of the proposed document should accompany any such 

request. InSyBio Inc reserves the right to deny approval of external usage for any 

reason. 

Copyright 2025 InSyBio Inc. Reproduction without written permission is 

completely forbidden. 
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