












§ Protein-protein interactions

§ Gene regulation

§ Drug interactions

§ Cell signaling

§ Disease pathways

§ Environmental impact







Human – related Biological databases



Diagnostics Data mining and analysis to identify causes of illness

Preventative medicine Predictive analytics and data analysis of genetic, lifestyle, and social circumstances to prevent disease

Disease mitigation DNA modification to eliminate genetic disorders and rare diseases

Personalized medicine Development of custom, genome-specific drugs to maximize health outcome

Medical research 

Data-driven medical and pharmacological research to cure disease and discover 

new treatments and medicines

Reduction of adverse 
medical events

Harnessing of big data to spot medication errors and flag potential adverse 

reactions

Cost reduction Identification of value that drives better patient outcomes for long term savings

Population health

Monitor big data to identify disease trends and health strategies based on 

demographics, geography and socio-economics to improve public health 

programs. 

The Application of Big Data Analysis or Data Mining from 
Biological databases is to improve human Health and Cure diseases. 
Example are: 







a.  Biological Databases….1552 and growing…these are 
libraries of life science information  
Data Type Description Example

Sequence DB Protein, nucleotide sequence Uniprot

Bibliographic DB Published literature Pubmed

Structure DB 3D structures of DNA, RNA, Protein, Virus PDB

Disease DB Disease data OMIN

Chemical DB Biological activity of small molecules CTD

Enzyme DB Function, pathways of enzymes BRENDA



b.  Generate Biological Network
Biological networks provide a conceptual framework to understand complex interactions of 
different components in a biological system…..hence represents the molecular “wiring” 
diagram of the interactions within a cell



• Network analysis enables the 
prediction of gene regulation, 
disease pathway, drug 
interactions and many more

• Has multiple applications in 
human health and disease

c.  Predictive Biology



Methodology

1. Create merged 
biological network

2. Narrow data 
for analysis

3. Map curated 
network for 
visualization

4. Interpret 
results to find 

conclusions

Merge Databases

Available Publicly

Drugbank FDA
Drug 

Information 
Database 

Comparative 
Toxicogenomics 
Database (CTD)



Big Data analysis using biological 
networks: results on drug, 
chemical, and disease association

Network A:     Drug-
Protein Interaction

Understanding 
methods for 

analyzing big data

Single protein 
molecule being 

targeted by 
different classes 

of drugs

Single drug 
interactions with 
multiple targets

Network B:     Drug-
Disease 

Association

Pain Drugs:

Acetaminophen

Aspirin

Ibuprofen

Cancer Drugs: 

Methotrexate

Etoposide

Fluorouracil

Network C: 
Chemical-Disease 

Association

Cardiovascular

Hypertension

Type 2 Diabetes

Network D:     
Adverse-Drug 

Interaction

Midazolam



Graphical representation of all of 
the interactions between drugs 
(989) and therapeutic drug targets 
(2,242) in the curated data set. 
Nodes (Target Class) represent 
targets (shown as triangles) and 
drugs (shown as circles).
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Tutorial Cites:
•https://www.youtube.com/watch?v=wjuVCF9_D-Y ( approximately 1.0  hr tutorial, May 18, 2018; Bioinformatics DotCa; Network Visualization and Analysis with Cytoscape) University of Toronto.
•https://www.youtube.com/watch?v=lcfrqe3gvr4 ( 1hr and 42 min.; Introduction to Pathway and Network Analysis of Gene Lists)
•https://www.youtube.com/watch?v=ZwaTTCcA-fo University of Toronto. approximately   50 minutes tutorial, June 27, 2018
•https://www.youtube.com/watch?v=lA1-lHms0I0 (Approx. 21 min., May14, 2019; Cytoscope Tutorial – Beginners Guide in Jupyter
•https://www.youtube.com/watch?v=IuH5QT_loHM (Approx. 22 min. Tutorial)

Cytoscape is a free 
software platform that 
allows the investigation 
and visualization of 
integrated diverse 
networks. 
Our students used 3.4.1 
version made available  
in May 2016.

https://www.youtube.com/watch%3Fv=wjuVCF9_D-Y
https://www.youtube.com/watch%3Fv=lcfrqe3gvr4
https://www.youtube.com/watch%3Fv=ZwaTTCcA-fo
https://www.youtube.com/watch%3Fv=lA1-lHms0I0
https://www.youtube.com/watch%3Fv=IuH5QT_loHM
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students
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a) Ibuprofen (Advil) has the highest 
association with cardiovascular disease 

b) Aspirin has highest 
association with immune 
disease, respiratory disease, 
and cancer

c) Acetaminophen (Tylenol) 
has the highest association 
with digestive & urogenital 
disease







Methotrexate, Etoposide,  Flurouracil
all have the highest association with 
cardiovascular & nervous system 
diseases 







Green Squares 

Blue Squares 
Red Circles 

• A short-acting hypnotic-sedative drug with 
anxiolytic and amnestic properties. 

• Used in dentistry, cardiac surgery, 
endoscopic procedures, as pre-anesthetic 
medication, and as an adjunct to local 
anesthesia. 

• The short duration of action and 
cardiorespiratory stability makes it useful in 
poor-risk, elderly, and cardiac patients. 

Data  extracted from  CTD, 
Drug.com; Drug-Bank, and 
FDA database



Midazolam has 
6 Gamma-Aminobutyric Acid 

Receptor Subunit Alpha targets 
and 3 enzyme interactions. 

These 9 proteins interact with 
many other drugs as shown in 

mapping left above. 
This depicts the complexity of 
midazolam’s cross reactions. 

Curated Network for targets of Midazolam with 
Major and Common Drug Interactions
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Thank you for your kind 
Attention.


