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Understanding biological information

21 Publications Output: U.S. Trends and International Comparisons (https://ncses.nsf.gov/pubs/nsb202333/publication-output-by-region-country-or-economy-and-by-scientific-field)
2 GEO overview (https://www.ncbi.nlm.nih.gov/geo/)

What’s the first thing you do when you start any research project?

Literature Review

● There are ~37M articles indexed in PubMed1

● In case of NGS, there are ~7M gene expression profiles deposited in GEO2

Need for a systematic method to access and process the information

Data Mining

https://ncses.nsf.gov/pubs/nsb202333/publication-output-by-region-country-or-economy-and-by-scientific-field
https://www.ncbi.nlm.nih.gov/geo/


What is Data Mining?
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Mining: Extracting key information from large datasets
Followed by finding interesting relationships → meaningful associations

Frequently used techniques
● Correlation and regression
● Clustering
● Classification
● Anomaly detection
● Natural Language Processing

○ AI and Large Language Models

* Image obtained from https://static.vecteezy.com/system/resources/previews/009/403/372/original/businessman-digging-database-and-data-mining-concept-cartoon-illustration-vector.jpg  

https://static.vecteezy.com/system/resources/previews/009/403/372/original/businessman-digging-database-and-data-mining-concept-cartoon-illustration-vector.jpg


Types of biomedical data
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● Genomic Data
○ DNA sequences (mutations and variants), gene expression, chromatin 

accessibility

● Proteomic and Metabolomic Data
○ Protein levels, metabolic pathways

● Imaging Data
○ Medical imaging (MRI, CT scans, etc.) processed using machine learning 

techniques

● Clinical Data
○ Patient demographics, medical history, diagnoses, treatment plans, 

outcomes



Databases and Tools useful for Data Mining

5

● General
○ NCBI

■ PubMed (https://pubmed.ncbi.nlm.nih.gov/)

■ PubChem (https://pubchem.ncbi.nlm.nih.gov/)

■ MeSH (https://meshb-prev.nlm.nih.gov/)

■ more…
● Genomics

○ GEO (https://www.ncbi.nlm.nih.gov/geo/)

○ CCLE (https://sites.broadinstitute.org/ccle/)

● Pharmacology
○ DrugComb (https://drugcomb.org/)

○ Genomics of Drug Sensitivity in Cancer (https://www.cancerrxgene.org/)

○ Therapeutic Target Database (https://idrblab.net/ttd/)

● R, Python, SQL, and other programming environment

https://pubmed.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://meshb-prev.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/geo/
https://sites.broadinstitute.org/ccle/
https://drugcomb.org/
https://www.cancerrxgene.org/
https://idrblab.net/ttd/


Medical Subject Heading (MeSH)
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● Method for categorizing PubMed articles by assigning medical terms
● Uses standardized keywords to describe main topic and subtopics of the article

Hierarchical structure



PubChem

7Access at https://pubchem.ncbi.nlm.nih.gov/

A curated database regarding chemical information including physical and 
chemical properties, biological activities, and literature evidence 

https://pubchem.ncbi.nlm.nih.gov/


Therapeutic Target Database (TTB)

8Access at https://idrblab.net/ttd/

A curated database concerning therapeutic 
protein, pathways, diseases, and 
corresponding drugs

https://idrblab.net/ttd/


Typical data mining process
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Finding and accessing databases

Drawing conclusions → knowledge discovery

Data curation

Identifying patterns and deriving relationships

Downloading datasets



Typical challenges
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● Data Quality
○ Noisy or incomplete data

● Data Integration
○ Combining heterogeneous data types (e.g., genomic, clinical, and imaging 

data)

● Interpretability
○ Understanding the results of complex models and ensuring they are 

actionable for biologists/clinicians

● Privacy and Ethics
○ Protecting patient data and ensuring ethical use of medical data.



Application 1: Drug Discovery

11

Goal: Identifying new drug candidates with therapeutic effects or repurposing 
existing drug candidates for novel therapeutic effect

Target identification
Drug-target 
interaction

Biomarker discovery

High-throughput drug screening ML models on large datasets to 
predict new interaction

Mining genetic datasets to 
predict response

Aspirin

Analgesic Antiplatelet 
aggregation

Doxycycline

Antibiotic Anti-malaria

Clofazimine

Leprosy Tuberculosi
s

Examples

* Drug structure images obtained from https://en.wikipedia.org/wiki/

https://en.wikipedia.org/wiki/


Application 2: Personalized Medicine
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Goal: Tailor treatment to individual patients based on genetic, physiological, and 
other characteristics

Genetic sequencing Data integration Clinical trials

NGS and patient-specific 
biomarkers

Electronic health records to 
modify treatment

Identifying patients to be most 
benefited

Examples

HER2+ breast cancer treatment Drug dosing optimization Wearable technologies

Standard 
treatment

60-80% 5 year OS

Trastuzumab 
treatment

85-90% 5 year OS3

Statin dosing based on 
SLCO1B1 genetic variant4

Glucose monitoring → 
real-time insulin 

adjustments

3 Piccart-Gebhart et al., 2005, Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Breast Cancer. The New England Journal of Medicine, 2005;353:1659-1672, DOI: 10.1056/NEJMoa052306
4 The SEARCH Collaborative Group, 2008, SLCO1B1 Variants and Statin-Induced Myopathy — A Genomewide Study. The New England Journal of Medicine, 2008;359:789-799, DOI: 10.1056/NEJMoa0801936



To remember…
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Before starting any experiment, mine the literature and 
databases to understand the pre-existing data

After obtaining the results, try to integrate with different types 
of publicly available data to get interesting insights



Exercise
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The RNA-Seq data from Hs.505T (Chronic lymphocytic leukemia) cell line 
shows BCL2 (Apoptosis regulator Bcl-2) overexpression. Identify drug 
approved for Chronic lymphocytic leukemia targeting this protein and identify 
which other genes are co-associated with BCL2 and the identified drug in the 
literature.

Steps
● Search Target BCL2 in the TTD database (https://idrblab.net/ttd/)
● Identify approved cancer drug and obtain the PubChem ID
● Search PubChem (https://pubchem.ncbi.nlm.nih.gov/) to get PubMed PMIDs of 

the articles
● Use provided 02_gene2pubmed-subset.csv file and use it with the 04_R-

script.R script to identify co-associated genes (
https://tinyurl.com/datamining2025 )

https://idrblab.net/ttd/
https://pubchem.ncbi.nlm.nih.gov/
https://tinyurl.com/datamining2025
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