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ABSTRACT

Background and Objectives: Some diseases are related to each other by their metabolic structures. A few
examinations showed that Coronary artery disease (CAD), Diabetes mellitus (DM), Parkinson’s Disease
(PKD) and Stroke (ST) are related. Some are shown up for affected family backgrounds in their early or
grown-up age.

Materials and Methods: Python a programming language used for data mining, pre-processing and sorting
for finding common genes from gathered data from National Centre of Biotechnology Information (NCBI).
However, there is a lack of genetic study to find out the core genes for which they may occur and make
Protein-Protein Interaction (PPIs) and Protein Disease Interaction (PDI) by using bioinformatics technology.
We use identified hub genes for making co-expression and physical interaction.

Results: Interactions for selected top 10 genes are exhibited following different bioinformatics tools. The
gene-miRNA interaction generates interactions with a total of 413 links between 10 genes. Where, the TF-
gene Interaction creates relationships between 101 nodes and 106 edges. There are 5 seed nodes. Besides,
PDI represents a subnetwork which creates 3 sub network relationships between 58 nodes and 55 edges.
There are 1 seed node in each sub network. In addition, PCI creates relationships between 1842 nodes and
2685 edges. There are 8 seed nodes. Furthermore, GDA creates relationships between 452 nodes and 537
edges. There are 6 seed nodes.

Conclusion: This study will be helpful for further studies of different bioinformatics tools for designing gene
network models and drugs design. These drugs can be considered for further verification by chemical
experiments.

Keyword:

PPI; Computational Bioinformatics; Coronary artery disease (CAD), Diabetes mellitus (DM),; Parkinson’s
Disease (PKD) ; Stroke (ST).
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CHAPTER 1

INTRODUCTION

1.1 Background

From many other death investigations it has shown that heart diseases placed on top for death in the world. In every
year for this heart diseases in the age group of 25-69 years have to face 25 percent of death. On the off chance that all
age bunches are in-corporated from overall death reasons heart diseases are responsible for 19 percent of it [1].For
man as well as female HD is the main source for death. It is additionally the main source of death in all areas however
the numbers fluctuate. [1] A bunch of conditions that influence your heart, for example, heart rhythm issues
(arrhythmias), Coronary Artery Diseases (CAD), by born heart problem or Congenital heart defects (CHD) and among
others is called Heart Disease (HD) or Cardiovascular Disease (CVD). In the United Kingdom, United States, Canada,
and Australia, HD is the leading reason for death as indicated by the Centers for Disease Control (CDC). One in each
four passes in the U.S. happens because of HD. [2] In the US regularly for CVD one person faces death every 37 sec.
The World Health Organization (who) says that CVDs or HDs are taking an expected 17.9 million lives every year
and an expected 31% of all passings around the world. 75% of CVD passouts happen in low-and center pay nations.
There are some terms and conditions in our life that can increase the risk for HDs like the way you live your life, age
of yours and previous history of your family related to HDs. One of three key hazard factors for HDs are shown in half
of all Americans (47%).The risk hazards are hypertension, elevated cholesterol, and smoking. Some chance elements
for HD can't be controlled, for example, age of yours or history of your family. Be that as it may, you can find a way
to bring down your hazard by changing the elements you can control. As WHO, the age-balanced demise rate owing
to CVD, in light of 2017 information, is 219.4 per 100,000 and there are 2,353 passings from CVD every day.

Coronary artery disease (CAD) is popular with many names like Coronary Heart Disease (CHD) or Ischemic Heart
Disease (IHD). It is the most well-known kind of HD worldwide.[3] The arteries which supply blood to the heart and
different pieces of the body are called coronary arteries and the plaque development in these artery walls are called
CAD. Plaque is made of different kinds of things like fat or CA and many other things which are found in blood.
Atherosclerosis or CAD is a process where Plaque development causes within the veins to limit after some time, which
can halfway or absolutely block the flow of blood. The CAD which is untreated can prompt chest torment, CVD
breakdown, and arrhythmias. In the US every year 735,000 Heart Attacks take place for CADs and also kills in excess
of 630,000 Americans every year. More than 7 million Americans have to face a Heart Attack in their life, it is an
indicated result by the American Heart Association (AHA). [4] CAD is the main source for death that occurs by
cardiovascular disease around the world, in recent decades 4.5 million deaths are found . [5] Nonetheless, it is foreseen
that CAD passing rates will twofold from 1990 to 2020, with generally 82% of the development inferable from the
ongoing lifetime. [5]
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Diabetes mellitus (DM) is the 6th driving reason for death in the United States, and diabetes-related problem like
kidney sickness,retinopathy are causing a tremendous weight to the national health care system.[6] DM is a metabolic
issue described by impeded activity, emission of insulin or both, that leads to hyperglycemia. [7] It is moderately
evaluated that 100 million people have DM on this planet. [8]In the latest time frame 6.4% of the passings are liable
for DM.[8] As indicated by the IDF Atlas rule report, at present, disability in glucose resistance have been found in
352 million people around the world who are at high risk for suffering from DM in future. In 2017, it was evaluated
that 425 million individuals (2079 years old) experienced DM, and it is expected that the number will be increased to
629 million by 2045.[9] It is assessed that 77% of the worldwide weight of the DM pestilence have to face by
developing nations in the century of 21st [5] They have to face this because of their populace development, utilization
of undesirable eating system, heftiness, and inactive ways of life. [9] Two types of DM are invented . In both type 1
DM and type 2 DM, CAD is the main reason for unexpected death and double to fourfold expanded mortality chance
from HD is associated with DM. [L0]JHD and ST are the reason for death in 70% people who are more than 65 years
old and suffering from DM. Furthermore, those patient who are suffering from DM have an increased rate for death
after doing MI and more terrible risk for those, who are in long-term prognosis with CAD.[10] In the US from all
percutaneous coronary intervention (PCI) techniques, around 33% are applied on the patients who are suffering with
DM and roughly 25% of patients experiencing coronary artery bypass graft (CABG) medical procedure who have DM
and the results of these strategies is less effective than in those who are without DM.[10]

Parkinson’s Disease (PKD) is a disorder which causes degeneration in the nervous system and 2nd most common in
all nervous system disorders.[11] It progressively affects adult American is PKD and a predicted result shows that it
will be continuously increased in American adults. [12]PKD, is described by the cardinal highlights of rest shaking,
slowness of movement, inflexibility of the muscles and making spine postural in an unnatural positions, making loss
in programmed movements,making changes in speeches and an assortment of other symptoms which are related to
movements and which are not related to movement.[13] It influences in making movements. These types of diseases
do not affect at a glance they start in a particular way, some of the time it begins with tremor in only one hand. In a
positive perspective these tremors are normal, yet the turmoil likewise regularly caused PKD.One million peoples of
US have PKD reported by PKD Foundation in the recent time.In each 100,000 cases there have roughly 20 people who
are suffering from PKD and 60,000 cases in every single year have found in US.ALL of them are close to 60 years old
or above. It’s bad effects are seen in 1% people who are 60 years old or way to 60 and more badly about 1%-3% in 80
years olds or above them. [11] The ratio for having CVD who are suffering from PKD is 60% [14] Recent examination
indicated that those who have more strolling and memory problems who are suffering from PKD and have the risk of
having CVD. Sometimes, people with CVD who are in early stage in it also face terrible strolling and memory
issue.Both CVD and PKD become progressively basic as individuals when they get aged.
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Stroke (ST) is one of the most common diseases in new are.Blood streaming to the brain is responsible for cell death
and this situation is called stroke. There are two primary sorts of stroke: one is ischemic, because of blocking arteries
of blood in the brain, and hemorrhagic, because of bleeding which is caused by ruptures of weakened blood vessels.
Both reasons make the brain quit and stop working appropriately. ST can be the reason for death. As per the American
Heart Association (AHA) in 2017 there 37.6% mortality possibility found in each 100,000 cases in the age-balanced
death rate for ST analysis. Internationally it shows that in the middle-class country, 70% of ST and 87% of both stroke-
related passings take place [15] During these decades ST frequency has declined by 42% in high-income nations. [15]
From the perspective of WHO , more than 17.9 million people have to face death for CVDs every year. Of these
passings, 80% are because of CAD and ST and generally influence in low and middle-income nations, Patients who
are suffering from CAD have a higher danger of ST (14%) when contrasted with those with no proof of CAD is (0.9%)
[16]

From this above discussion we can say that DM, PKD and ST have an interconnection with CVD. They are dependent
on each other or every patient with one of these diseases has a high risk for being affected with them too.
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CHAPTER 2: LITERATURE REVIEW

For the purpose of drug invention many researchers have done work on those topics in previous
times.

In a research paper named “ Construction of the gene expression subgroups of patients with
coronary artery disease through bioinformatics approach” hase shown that they found an outline
for gene groupings in CAD patients, analyzed the differences between each subgroup and
annotated the unique genes of each group.

A research paper named A comprehensive bioinformatic analysis revealed novel MicroRNA
biomarkers of Parkinson's disease. ”” has shown that their finding will help researchers shed light
on the discovery of novel biomarkers for PkD.

In Integrated computational approaches to screen gene expression data to determine key genes
and therapeutic targets for type-2 diabetes mellitus, research paper has shown that, they Find out
that hub genes those cause disruption in cellular pathways which deeply worsens the disease
condition.

Another research paper named Study on potential differentially expressed genes in stroke by
bioinformatics analysis. Has shown that by using hub gene they show Differentially expressed
genes and MicroRNA:s.
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A list of techniques or strategies which are used only for one specific result in studies or work are called methodology.
Methodology in research is the way by which researchers need to lead their exploration. Methodology plays an
important role in describing their problem or process and target goal by presenting the visualization strategy for getting
the expected result. This structure for the analysis and the procedure shows how it will work for any research and what
result would show after finishing these processes . Examination and the technique which are used during the research
procedure are talked about in this part. [17] After collecting common data from these four diseases they used in Venny
for making venn diagrams, used in NetworkAnalyst to make PPI networks, in Cytoscape for finding topological
properties , in GeneMania for further progress. The visualization of these process are shown by a flowchart given in

figure.1

3.1 Flow chart:

CHAPTER 3

RESEARCH METHODOLOGY

In figure 1, it represents the methodology step by step. It showed the graphical view of further works.

Diseases Name

Coronary Artery Disease

Diabetes Mellitus

Parkinson’s Disease

Stroke

Generic PPI —>4

Co-expression

Gene Reguiatory
System

Protein,
Drug,diseases
Interaction

Clustering

Figure 1: Flowchart for proposed research methodology
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3.2 Gene Collection:

Collecting genes in a proper and appropriate way is an important part in biological studies. Expected outcomes depend
on this part. So, a significant asset for bioinformatics devices and in biotechnology studies are databases that can be
found in The National Center for Biotechnology Information in short NCBI. It is the most well-known platform where
everybody can download genes for free.[19] All gene data for CAD, DM, PKD and ST are collected from this site.

3.3 Venn diagram:

Venn graphs are generally used to show list correlation. In science, they are broadly used to show the contrasts between
gene records originating from various differential investigations, for instance.[20] A set which is pictorially like circles
within an encasing rectangle called universal set and the common data of these sets are shown by the intersection of
these circle are called venn diagram. In a venn diagram each circle represents a specific set and they are usually in
circles shape with many overlapping closed curves. We used Venny for making appropriate venn diagrams for this
analysis.

3.4 Generic PPI:

In such complex type of diseases, their have shown weakness for single gene studies with traditional methodology.[3]
The investigation of interactomes, or systems of PPI, is progressively giving significant logic or information on
biological studies.[21] PPl Network represent the contacts in physically between two or more proteins with a
mathematical view. These interactions are explicit , happen between characterized restricting districts in the proteins
and have a specific organic importance (i.e, they serve a particular function). There is expanding enthusiasm for these
networks, as their examination assists with understanding the connection between the assets like genes or proteins and
how these are situated in the entire network. [22] PPI network for analysing diseases helps to identify the genes and
proteins which are associated with these specific diseases. It helps to study about the properties of that network and
help to find the subnetwork also.[23] Global comprehension of PPI networks by means analysis of high-throughput
gene information from various levels will permit specialists to analyze the pathways for diseases and recognize
procedures to control them. Therefore, it appears to be likely that progressively customized, increasingly exact and
increasingly fast ailment gene indicative methods will be concocted later on, just as novel methodologies that are
increasingly customized. The PPl network for CRD, DM, PKD and ST diseases are represented by using
NetworkAnalyst.

3.5 Topological Properties (TP) :

TP of PPI network is a structural representation of proteins properties. TP are divided in some properties like
closeness centrality, betweenness centrality, node-degree distribution, avg.clustering , stress centrality
distribution, shortest path length distribution, stress centrality distribution and more. We used cytoscape for
the result which has 9 features . We have used 4 of them in this study.

6
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3.6 Co-Expression , Physical Interaction & Pathway analysis:

A key target in biological examination is to deliberately distinguish all atoms inside a living cell and how they
cooperate. [24] Co-expression speaks to the initial step of deduction that characterizes a connection between sets of
transcripts.In the initial step for deduction, in which it characterizes between the set of transcript for connection is
called co-expression. [24] It relies upon the possibility that transcript profiles of time plan, or result of unequivocal
disturbances, may be normal for components and differences between transcripts, deriving their rule. [25]. This method
was invented to find out the physically interacted gene, in an active subnetwork for finding different expressions when
they are compared to two or more than condition or correlated expressions . Biological network are made of pathways
which are interconnected in a series.In this recent era biological pathway and several kinds of networks have become
one of the leading technique for data visualization and significant analysis.[27]

3.7 Gene Regulatory Network:

Gene regulatory networks(GRNSs) assume an important part in different cell procedures. It helps to shorten the process
for genes encoded interaction and the system of regulatory genes that decides the hereditary capacities to be
communicated in cells of each spatial space in the life form, at each phase of advancement. Transcription factors for
gene encoding are also done by this.[28] It intends to catch the conditions between atomic substances and is frequently
displayed as a network , in that the representative for genes or protein are nodes and the representative for the
interaction between genes or protein-DNA are edges.[29] A GRN is an assortment of regulatory connections between
TFs and TF-restricting destinations of explicit mMRNA to oversee certain articulation levels of mMRNA and their came
about proteins.[30] It is significant being developed, separation and reacting to natural prompts.

3.8 Drug Design:

Drug design is an achievement for innovation in a technological way:. It is a combination for experiment in sophisticated
way and computational methodologies. For creating new drug design , medical chemistry and biological innovation
are making great progress.[31] The process is kept on developing, and applications presently range the entire
medication disclosure process. There are many biological applications for doing network based work in human
diseases. For the characterization of physical interaction or function in genes or proteins there have many constructed
biological networks. [32] Networks give a framework level comprehension of the components hidden maladies by
filling in as a structure level design for data reconciliation and investigation. They are utilized to pick up understanding
into ailment mechanisms. [23]
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3.8.1 Protein-drug Interaction:

For better knowledge about polypharmacology, in recent era pharmaceutical analysis has become a challenging part
for characterizing Protein-drug interaction (PDR) networks. Protein restricting associations are uprooting responses,
which have been embroiled as the causative instruments in many DDI. [33] It is imperative to more readily see how
medications communicate with their protein and focus on their local condition.

3.8.2 Protein-chemical Interaction:
Protein-chemical interaction (PCI) is the main subject of target distinguishing proof and drug disclosure. [34]
Biological systems are useful assets for foreseeing undocumented connections between genes or molecules. Study of
PCI is a significant point toward clarification of protein capacities, comprehension of subatomic components in the
cell and repositioning for the medication. [34] So, PCI network is a useful analysis for invention of new drugs.

3.8.3 Gene diseases association

For describing different human diseases with a complex dynamic modeling and studying about it with biological
properties are become popular in recent years.[23] GDA was created to ascertain the affiliation score of an inquiry
gene to another conceivable arrangement of diseases.[35] First, a huge scope PPI network was developed, connection
within two cooperating proteins was determined with respect to the ailment interconnection. [35]

3.9 Clustering:

Where similar or most of them are alike, protein makes groups based on their characteristics are called protein clusters.
The process for clustering must have a specific degree of dependability, robustness and have to permit the compression
of data in contrast with the data which are non-clustered . It is acceptable that cluster which are consist of orthologs
are important for better knowing about the rules of genome structure and knowing about gene or protein interaction,
while paralogs are important to find out orthologs for transferring functional data between genes in different organisms
with a high degree of reliability are remain in different cluster. Be that as it may, the ortholog-paralog differentiation
doesn't totally mirror the multifaceted nature of group connections of homologous genes. [36] There are many kinds
of clustering like MCODE cluster, MCL cluster, k-means clustering etc.

3.9.1 MCL clustering

The short form of Markov Cluster Algorithm is MCL . Named Stijn van Dongen at the Center for Mathematics and
Computer Science (CWI) placed in the Netherlands was invented this clustering.Based on simulation of flow, it is a
quick and adaptable unaided clustering calculation for networking. It calculated the random walk in a graph by using
“Markov Chains” . [37] It helps to find out the functional modules in the PP network.
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Chapter :4

Result and discussion

4.1 Gene Collection:

Identifying genes which are responsible for the specific diseases are getting a very tricky day by day. To solve this
problem we collected our respected gene data from NCBI , which is a free online based website with many desirable
functions. Gene data was downloaded from NCBI as a text file. Gene data for Homo Sapiens was 831 out of 1352 for
CAD, 836 out of 1248 for DM, 548 out of 854 for PKD and 833 out of 1444 for ST . Table.1 shows these numerical
numbers in an organized way.

Table 1:

In the below table, it shows the gene numbers that are collected from NCBI.

Diseases Name Total no. of Gene | Total no. of Homo Sapiens
Gene
CAD 1905 979
DM 2516 1046
PKD 1591 779
ST 1749 946
9
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4.2 Gene mining:

Data mining is an important part for using data in an appropriate way for further use or applications. The text file which
was  collected from NCBI was filled with information for  various  purposes like
Org_name,GenelD,CurrentlD,Status,Symbol, Aliases,description etc. But In this research we need only gene Symbol
. So we collect the symbol of genes from this file and save it in four xIsx sheets as we select four diseases for the
analysis.

4.2.1 Linkage:

At the point when genes are found on various chromosomes or far separated on a similar chromosome, they group
freely and are supposed to be unlinked. At the point when genes are near one another on a similar chromosome, they
are supposed to be connected or linkage.This progression is to recognize the interrelated genes among CAD & DM,
CAD & PKD, CAD & ST,DM & PKD, DM & ST, PKD & ST, CAD , DM & PKD, CAD, DM & ST, CAD, PKD
& ST,DM, PKD & ST, CAD, DM, PKD & ST. In table 2, it shows the number for common genes. Those genes are

found from 4 selected diseases after gene linkage.

4.2.2 Common gene finding:

After collecting data from NCBI it was saved in an xIsx sheet , which is used in Python for finding common genes.
There are 67 common genes between CAD, DM, PKD & ST. there are 87 common gene between CAD & DM, 19
common genes between CAD & PKD, 142 common genes between CAD & ST, 32 common genes between DM &
PKD , 101 common genes between DM & ST, 38 common genes between PKD & ST, 15 common genes between
CAD, DM & PKD, 156 common genes between, CAD, DM & ST, 21 common genes between, CAD,PKD & ST , 18
common genes between , DM, PKD & ST and 67 common genes between CAD , DM, PKD & ST. In table 2. it shows
the common genes from all four diseases.

10
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Table 2:

There in this table it shows the number of common genes between selected four diseases. There it shows the
interconnection between four diseases by finding common genes.

Selected Diseases Name | Total number of Homo Sapiens | Common Genes
Genes

CAD & DM 2025 407
CAD & PKD 1758 183
CAD & ST 1925 444
DM & PKD 1825 205
DM & ST 1992 399
PKD & ST 1725 218
CAD , DM & PKD 2804 117
CAD, PKD & ST 2704 125
CAD,DM & ST 2971 278
DM, PKD & ST 2771 126
CAD,DM,PKD &ST |3750 94

11
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4.3 Venn Analysis:

Venn investigation frequently frames the main filtration step for mind boggling and interconnected information
corpora. [38]. Venn charts empower understudies to sort out data outwardly so they can see the connections between
a few arrangements of things. They would then be able to distinguish similarities and contrasts. We used Venny, a free

online based tool to find out the visual intersect for the interconnected data. In figure 2 it shows the venn diagram for
respective data.

DM ST
(1046) (946)

Figure 2: Venn analysis among CAD, DM, PKD & ST
12
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4.4 Generic PPI:

PPIs are most important for almost every procedure in a cell, so knowing about PPIs is critical for understanding cell
physiology in normal stages or in a disease stage. It leads an important role in drug design or invention, because drugs
can affect PPIs. At the point when proteins cooperate, the impacts and communications among them can appear as far
as a chart, which is called PPI network. [39] In a PPI network proteins are presented by nodes and interactions are
presented by edges [39] NetworkAnalyst is an online based tool. We used this for creating the PPI network that has
shown in Figure.3

Figure 3: The 94 common genes for protein-protein interaction (PPI). There are 2939 nodes and 5180 edges
in this network. There the Nodes are called proteins, and the edges establish a relationship between those
proteins. 13
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4.5 Topological Properties:

Topological studies is a stage, where mathematical models and metrics are shown by the networking properties. It
helps to find out the relevant protein (nodes) and substructures in a way of biological approach. [25] In this analysis
for topological properties studies a SIF file was downloaded from NetworkAnalyst based on PPl network.
Then it is used in Cytoscape for finding topological properties for 10 hub genes, which are shown in Table
3. In figure (4-7) it shows the topological properties for 10 hub g common genes based on PPI network SIF
file.

Table: 3
Selected 10 hub genes topological properties are given below.
Protein Degree Betweenness | Closeness Clustering Topological
Name Centrality Centrality Coefficient Coefficient
ESR1 798 530327 580906 .00116 .002227
TP53 659 4082666 512729 .001296 .002696
TRAF6 480 .305807 470121 .001105 .00315
VCAM1 425 .301506 41215 .001001 .001121
PARP1 |179 .098054 484601 .009165 .007689
NOS2 170 067471 353644 .001025 .163866
TNFRSF1 | 167 .062150 351046 .001205 152535
ALB 153 110669 351545 .001153 .064426
EZH2 149 .075485 411356 .005261 .008514
CDKN2A 148 .067944 398891 .006895 .009315
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Figure 4 : This figure of CC illustrates the value of CC and the number of neighbors for each CC according
to the PPI network. Where the value of CC is between 0.26 and 0.58 and the number of neighbors is between
0 and 800.
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Figure 5: This figure of clustering coefficient illustrates the value of average clustering in PPI network.
Where the value of clustering is between 0 and 1.0 and the number of neighbors is between 0 and 850
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Figure 6 : Figure contains one of the topological properties called BC, where the value of BC and number
of neighbors has been illustrated according to the PPI network. Here the value of BC is between 0.00 and
0.57, the number of neighbors is between 0 and 800.
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Figure 7 : Figure contains one of the topological properties called TC, where the value of TC and number
of neighbors has been illustrated according to the PPI network. Here the value of TC is between 0.00 and
0.56, the number of neighbors is between 0 and 800.
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4.6.1 Co-Expression:

The outcome in a co-expression network characterized as an diagram that are undirected in it the nodes represent the
genes , co-expression connections are represented by edges.[25] The network for co-expression was created by
GeneMania with 15 hub genes, that are shown in Figure 8
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Figure 8: Co-expression between top 10 responsible genes.
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4.6.2 Physical Interaction:

In physical interaction two or more genes are connected in the event . there they communicate in a PPI study. Physical
interaction networks are shown in Figure 9, by using GeneMania. .
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Figure 9 : Physical interaction between top 10 responsible genes.
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4.6.3 Pathway analysis:

A standard way to analyze the action or reaction of molecules in a cell is biological pathway analysis. The investigation
of natural pathways is a key to comprehend the various procedures within a cell. There proteins apply their capacity
not in a disconnected way however in a systematic way of associations and their reactions.[27] If we compare it an
individual quality based on methodology, the technique to make a system of various associated pathways and protein
or genes of intrigue is progressively appropriate to investigate the science of complex characteristics and recognize
functional competitor genes. [41] In figure 10, it shows the pathway analysis network.
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Figure 10: Pathway analysis between top 10 responsible genes.
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4.7 Gene Regulatory Network:

GRN plays an imperative role in the spread of living organisms by performing cellular metabolism procedure.[42]
There are three types of GRN in NetworkAnalyst. We use these to design GRN networks named Gene-miRNA
network , TF-gene network and TF-miRNA Co-regulatory Network using 10 hub genes and find out the genomic
programs analysis in a functional way.

4.7.1 Gene- miRNA:

The functional example of miRNA-mMRNA regulatory network is invented in the beginning and movement of an
assortment of diseases in Homo sapiens. MiRNAs work as key post-transcriptional controllers in an assortment of cells
in biological approach, for example, separation, multiplication, apoptosis, movement and intrusion. [43] Gene-miRNA
networks are shown in figure 11, by using NetworkAnalyst.

Figure 11: Gene -miRNA Interaction for selected top 10 genes. This gene-miRNA interaction generates
interactions with a total of 413 links between 10 genes.
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4.7.2: TF-gene:

From all cellular approaches controlling gene expression is one of most important parts. When a regulatory protein in
a function controls the expression for another and in turn it may control the expression for another regulatory is called
Transcription factors (TFs). It permits explicit signs to be intensified, and gives the data that is important to give a
series of genes to make specific space and transient examples. [44] Tf-gene regulatory networks by using the GRN
with NetworkAnalyst are given in Figurel2.

bmss — @ Cokn2A

Figure 12: TF-gene Interaction for selected top 10 genes. This TF-gene Interaction creates relationships
between 101 nodes and 106 edges. There are 5 seed nodes.
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4.7.3: TF-miRNA:

The essential player in a complex administrative system of largest families of trans-acting GRN are miRNA and TFs.
[45] In this part miRNAs and TFs exchange each other's expression, making it difficult to ascertain the effect either
one has on TG expression. This network is shown in figure,13.

Figure 13 : TF-miRNA for genes. This TF top hub 10 common gene Interaction creates relationships between 1891
nodes and 2105 edges. There are 8 seed nodes.
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4.8.1 Protein-drug Interaction:

Now-a-days, predicting drug-target interactions is becoming an important topic for inventing new drugs. So much
effort has to be given for doing this interaction in many protein interactions, which are sometimes huge. In every kind
of organism protein is a common element for doing interaction with drugs. [47] In figure.14 it shows PDI network by
using top 10 hub common genes for four diseases.
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Figure 14: sub network-1 Protein-drug interaction for selected top 10 genes. It represents a subnetwork
which creates relationships between 39 nodes and 38 edges. There have 1 seed nodes
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Figure 15: sub network-2 Protein-drug interaction for selected top 10 genes. It represents a subnetwork
which creates relationships between 14 nodes and 13 edges. There have 1 seed nodes
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Figure 16: sub network-2 Protein-drug interaction for selected top 10 genes. It represents a subnetwork
which creates relationships between 5 nodes and 4 edges. There have 1 seed nodes
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4.8.2 Protein-Chemical Interaction:

PCI network is a networking process where it shows the binding affinities between chemicals in the interaction
network. By this networking interaction one can easily find the effects of chemicals in the interaction with protein.
[48] In figure 17 it shows the PCI network.

Figure 17 : Protein-chemical interaction for selected top 10 genes. This PCI creates relationships between
1842 nodes and 2685 edges. There are 8 seed nodes

28

© Daffodil International University



4.8.3 Gene-disease Association:

The idea for GDA networking studies is an important field in genetic biology. In this part it helps to find out the genes
which affect human bodies by creating new diseases. By using protein interaction it helps to find out the protein which
are same or similar in multiple diseases.[49] Figure 18, shows the interaction for GDA.

| ® Brain Stem Neoplasms |

Figure 18 : Gene-disease Association for selected top 10 genes. This GDA creates relationships between
452 nodes and 537 edges. There are 6 seed nodes.
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4.9 Clustering:

Clustering in proteins is normally used in similar proteins in a group to stabilize them and help them in functional
annotation.[37] Clustering process by using PPl network can show the gathering of similar and different proteins in
one network. For this analysis we used MCL clustering.

4.9.1 MCL Clustering:

Ina clustering network, we can see many links between each cluster and some links between those clusters.This implies
if you somehow managed to begin at a node, and afterward travel as you like to an associated node, you're bound to
remain inside a group than movement between, this process is called MCL clustering. It helps to identify more
meaningful clustering results from any other clustering process.. [50] For this process at first we collect the SIF file of
the PPI network from NetworkAnalyst and then use it in Cytoscape . The networking visualizations have shown in
figure 19.

Figure 19 : MCL Clustering using Cytoscape. Here the PP1 network (Figure 3) became clustered.
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4.10 Summary :

Blend treatments offer across the board very much reported points of interest in the treatment of multiple diseases.
Every year many people have to face death for CAD. CAD makes a huge impact on DM,PKD and ST which called
upon a disaster in human lives. So it will be a great help to humans by inventing new drugs which will work on these
multiple diseases at a time. In this study, we analyze GRN which shall indicate the interrelated gene between the

diseases. Clustering can help to find out the similar groups which are associated strongly in all over the cluster. That
will help in further work for inventing new diseases.
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Chapter 5

Conclusion and recommendation

In this investigation we make a PPIs network and PDI using hub genes between four selected diseases CAD,
DM, PKD, ST. After knowing the reason and finding the selected gene which is the reason for these diseases,
we have to create a drug to cure it. PPI network gives us the information to understand the relation between
drug targets and the proteins in these diseases that help in estimating drugs. Topological properties help to
identify the function in proteins and mechanisms of action that helps in drug inventing. The PDI network,
and co-expressions also contributed to drug design for the selected four diseases. It will help for further

study in bioinformatics.
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