
Biomedical Data Sources

The Power of Big Data

Aik Choon Tan, Ph.D.
Vice-Chair and Senior Member

Department of Biostatistics and Bioinformatics
aikchoon.tan@moffitt.org

6/13/2022



Outline

• Why Big Data is important in your 
biomedical research?

• Examples of Biomedical Big Data
– GDC, TCGA 

– GEO

– Pharmacogenomics - CMAP, LINCS, GDSC, 
CCLE

– Imaging - Cancer Imaging data (TCIA)

– Immunology - ImmPort

– Clinical Trials

– Mobile Data

– Other data types - Social Media Data

• Conclusions



Simplified View on Disease



In reality … Complex Networks in Disease



Computational Systems Biology

(Kitano, Nature, 2002)



Computational Systems Biology

(Kitano, Nature, 2002)



Data Driven Biology

BIG DATA

(Kitano, Nature, 2002)



Big Data (“Omics”) : Maps and Catalogs

• Maps: Structure
– Genetic Map

– Physical Map

– Sequence Map

• Maps: Molecular Function
– Gene Map

– Evolutionary Conservation Map

– Chromatin State Map

– 3-D Folding Map

• Maps: Disease
– Inherited Variation Map

– Disease Association Map

– Evolutionary Selection Map

– Cancer Gene Map

• Catalogs: Signatures
– Gene Expression

– Protein Expression

Look up 

Table in 

Biology
(like periodic table 

in chemistry)

(Adapted from Eric Lander’s slide)



Genomics Data Commons



The Cancer Genome Atlas Project

• The Cancer Genome Atlas (TCGA) began as 

a three-year pilot in 2006 with an investment 

of $50 million each from the National Cancer 

Institute (NCI) and National Human Genome 

Research Institute (NHGRI). 

• Pilot Project: Comprehensive Characterized 

of three tumor types: Glioblastoma (GBM), 

Ovarian and lung cancers (> 200 samples)

• 2009 expand to 20 common tumor types



The Cancer Genome Atlas Project



The Cancer Genome Atlas (TCGA)

(Hutter & Zenklusen (2018) Cell)



(Blum, Wang, & Zenklusen, Cell 2018)



The Cancer Genome Atlas (TCGA)

(Hutter & Zenklusen (2018) Cell)



Components of the TCGA Research Network

• Biospecimen Core Resource (BCR) – Tissue samples are carefully cataloged, processed, 

checked for quality and stored, complete with important medical information about the patient.

• Genome Characterization Centers (GCCs) – Several technologies will be used to analyze 

genomic changes involved in cancer. The genomic changes that are identified will be further 

studied by the Genome Sequencing Centers.

• Genome Sequencing Centers (GSCs) – High-throughput Genome Sequencing Centers will 

identify the changes in DNA sequences that are associated with specific types of cancer.

• Proteome Characterization Centers (PCCs) – The centers, a component of NCI’s Clinical 

Proteomic Tumor Analysis Consortium, will ascertain and analyze the total proteomic content 

of a subset of TCGA samples.

• Data Coordinating Center (DCC) – The information that is generated by TCGA will be 

centrally managed at the DCC and entered into the TCGA Data Portal and Cancer Genomics 

Hub as it becomes available. Centralization of data facilitates data transfer between the 

network and the research community, and makes data analysis more efficient. The DCC 

manages the TCGA Data Portal.

• Cancer Genomics Hub (CGHub) – Lower level sequence data will be deposited into a secure 

repository. This database stores cancer genome sequences and alignments.

• Genome Data Analysis Centers (GDACs) – Immense amounts of data from array and 

second-generation sequencing technologies must be integrated across thousands of samples. 

These centers will provide novel informatics tools to the entire research community to facilitate 

broader use of TCGA data.



CGC Centers and Data Types

Center Data Type

BCGAC Illumina miRNA-seq

BROAD SNP 6.0 (copy number)

HMS Harvard Illumina DNA-seq

JHU/USC Methylation

MD Anderson RPPA

UNC Agilent Microarray (gene exp)

Illumina RNA-seq



Pan-Cancer Analysis of TCGA Data

http://www.nature.com/ng/focus/tcga/index.html



Pan-Cancer Analysis of TCGA Data



Pan-Cancer Analysis of TCGA Data



Pan-Cancer Atlas

https://www.cell.com/pb-assets/consortium/pancanceratlas/pancani3/index.html



Pan-Cancer Atlas

https://www.cell.com/pb-assets/consortium/pancanceratlas/pancani3/index.html



ICGC Data Portal

http://dcc.icgc.org/



cBio Portal for Cancer Genomics

http://www.cbioportal.org



Gene Expression Omnibus (GEO)

http://www.ncbi.nlm.nih.gov/geo/

2022



Gene Expression Omnibus (GEO)

http://www.ncbi.nlm.nih.gov/geo/2018



MINiML format

MINiML/: This directory includes files in MINiML (MIAME Notation in Markup 

Language) format. MINiML is essentially an XML rendering of SOFT format, 

and the files provided here are the XML-equivalents of the Series and 

Platform family files provided in the SOFT/ directory.



Gene Expression Omnibus (GEO)

Six Parts of MIAME

1. Experimental design: the set of 

hybridization experiments as a whole

2. Array design: each array used and each 

element (spot, feature) on the array

3. Samples: samples used, extract 

preparation and labeling

4. Hybridizations: procedures and parameters

5. Measurements: images, quantification and 

specifications

6. Normalization controls: types, values and 

specifications



NCBI GEO Data Formats

GPL* GSM* GSE*

GSD*



Drug Repurposing: The Impact of Big Data



The Connectivity Map Project

http://science.sciencemag.org/content/sci/313/5795/1929.full.pdf

Science 2006



The Connectivity Map Project



The Connectivity Map Project



The Connectivity Map Project



The NIH LINCS Program
(www.lincsproject.org)

• LINCS (Library of Integrated Network-

based Cellular Signatures) Program

• LINCS aims to create a network-based 

understanding of biology by cataloging 

changes in gene expression and other 

cellular processes that occur when cells 

are exposed to a variety of perturbing 

agents



The NIH LINCS Project 
https://clue.io

27,927 perturbagens

476,251 expression signatures



The NIH LINCS Project 
(Data available in NCBI GEO)



The NIH LINCS Project 
(Data available in NCBI GEO)



Genomics of Drug Sensitivity in Cancer

(GDSC COSMIC)

http://www.cancerrxgene.org/



639 cell lines treated with 130 drugs









Analytical Framework for 

Biomarkers Discovery in GDSC
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Querying Drug in GDSC



Volcano Plot



Querying Drug in GDSC





Correlating Mutation with Drug



Correlating Mutation in Specific Tumor Type



High Confidence Drivers



Stringent Filters using HCD

FDR 1%

FDR 20%

3X-3X

47180

712 413

• 143,000 drug-gene 

interactions

• 2,286 significance 

associations (p < 

0.05, FDR < 20%)



GDSC 2.0



GDSC Download



978 cell lines treated with 24 drugs



Cancer Cell Lines Encyclopedia (CCLE)

(Broad and Novartis)











Cancer Imaging Data



Cancer Imaging Data



Cancer Imaging Data



Example – Histopathology Data



Example – Histopathology Data 
(Hematoxylin)



Example – Histopathology Data
(mIHC – PCK)



Example – Histopathology Data
(mIHC – CD8+)



Clinical Trials Data

FDAAA 801 (Sept 2007): 

Expands registry and adds 

results reporting requirements



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Reporting Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data

https://immport.niaid.nih.gov/



Clinical Trials Data

https://immport.niaid.nih.gov/



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Clinical Trials Data



Apple ResearchKit

(mobile data)

http://www.apple.com/researchkit/

http://images.apple.com/media/us/researchkit/2016

/a63aa7d4_e6fd_483f_a59d_d962016c8093/films/c

arekit/researchkit-carekit-cc-us-

20160321_960x540.mp4



Case Study – Parkinson’s Disease

http://www.history.com/this-day-in-history/muhammad-ali-refuses-army-induction

https://www.michaeljfox.org/foundation/news.html?tagid=12

http://www.history.com/this-day-in-history/muhammad-ali-refuses-army-induction
https://www.michaeljfox.org/foundation/news.html?tagid=12


mPower – ResearchKit Apps



mPower – ResearchKit Apps



mPower – ResearchKit Apps



mPower – ResearchKit Apps



mPower – ResearchKit Apps



HealthMap
http://www.healthmap.org/site/about



HealthMap



HealthMap



HealthMap



HealthMap



HealthMap



HealthMap



Ideal World of Biomedical Big data

“The Cloud”

Data Standards

Biomedical BIG DATA

Application Program Interface (API)



Ideal World of Biomedical Big data

Interoperability

“The Cloud”

Data Standards

Biomedical BIG DATA

Application Program Interface (API)

(Image adapted from GA4GH, http://ga4gh)



Global Efforts in Creating Data Standards for 

Genomics



Conclusions

• Use big data to generate hypothesis

• Use standards for interoperability

• Share your research data and program

• Empower data driven research

• Think outside the box – use big data and 

AI/ML to find unexpected and interesting 

knowledge


