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Advances in sequencing 

technology have triggered a 

tsunami of  genomic data, and 

these are joined by waves of  

information from other '-

omics' studies, clinical trials 

and patient records. Analysis 

of  this big data is launching 

the era of  precision medicine 

— but enormous scientific, 

engineering and institutional 

challenges remain. 
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 Overview of  the BIG data in biomedical research 

• Omics data 

• EHR data 

• Data from patients & other sources 

 Analytical challenges & tasks  

 Future of  the BIG  data in biomedical research 

Highlights   



 Microarray: cDNA (about 5,000 variables), Affymetrix U133 

Plus 2.0 (about 45,000 variables) 

 SNPs (about 500,000 – 2,000,000 variables) 

 Next Generation Sequencing (?) 

Omics biomedical research  





 cDNA, Microarray, SNPs 

 NGseq raw imaging data: > 2 TB per sample 

 RNAseq or Exome seq data: 10 GB per sample (raw data), 

30-50 GB during the processing. 

 Whole genome seq: 200 GB per sample (raw data), 400-600 

GB during the processing. 

Storage of  the Data? 





Data analysis/mining ? 







 In 2014 the United Kingdom launched the 100,000 Genomes 

Project, and both the United States (under the Precision 

Medicine Initiative) and China (in a programme to be run by 

BGI of  Shenzhen) have unveiled plans to analyze genomic 

data from one million individuals. 

 

 A partnership between Geisinger Health System, based in 

Danville, Pennsylvania, and biotech firm Regeneron 

Pharmaceuticals of  Tarrytown, New York, for instance, aims 

to generate sequence data for more than 250,000 people.  





The Cancer Genome Atlas, which catalogues cancer mutations, 

contains some 2.5 million gigabytes of  data. This giant project, 

run by the US National Institutes of  Health, has vastly 

improved our understanding  of  various forms of  cancer — but 

it holds relatively little information on the clinical experience of  

the patients who supplied the  samples. 
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 The move towards personalized medicine requires very large 

sample sets for discovery and validation 

 BioVU: biobank intended to support a broad view of  biology and 

enable personalized medicine 

 Contains de-identified DNA extracted from leftover blood after 

clinically-indicated testing of  Vanderbilt patients who have not 

opted out 

 A major goal of  the resource is to generate datasets that 

incorporate de-identified information derived from medical 

records and genotype information to identify factors that affect 

disease susceptibility, disease progression, and/or drug response. 

What is BioVU? 



What is the Synthetic Derivative (SD)? 



 Rich, multi-source database of  de-identified clinical and 

demographic data 

 User Interface tool that can be used for access and analysis 

 Contains ~2.6 million records 

 ~1 million with detailed longitudinal data 

 averaging 100k bytes in size  

 an average of  27 codes per record 

What is the Synthetic Derivative (SD)? 



De-identification 

• Derivation of  128-character identifier (RUI) from the MRN 

generated by Secure Hash Algorithm (SHA-512) 

Date Shift 

• Our algorithm shifts the dates within a record by a time period 

(up to 364 days backwards)  that is consistent within each 

record, but differs across records  

Restricted access & continuous oversight 

• IRB approval for study (non-human) 

• Data Use Agreement 

• Audit logs of  all searches and data exports 

Technology + Policy 



	

Synthetic Derivative (SD) 



Synthetic Derivative Search Features 

 

 

 

 

 



VANTAGE 



VANTAGE BioVU 



VANGARD 



Vanderbilt ACCRE 



Vanderbilt ACCRE 

 The ACCRE high-performance computing cluster has about 

6,000 processor cores.  

 Compute nodes run 64-bit Linux operating system, with hard 

drives of  250 GB to 1 TB and dual copper gigabit Ethernet 

ports.  

 Each node is monitored via Nagios, with an integrated 

scheduling system (Moab/Torque) utilized for resource 

management, scheduling of  jobs, and usage tracking.  

 The home directories of  all users are backed up daily to tape.  
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Apple Announced ResearchKit on 4/14/2015  
 

 ResearchKit™, an open source software framework designed 

for medical and health research that helps doctors, scientists 

and other researchers gather data more frequently and more 

accurately from participants using mobile devices, is now 

available to researchers and developers.  

 

 The first research apps developed using ResearchKit study 

asthma, breast cancer, cardiovascular disease, diabetes and 

Parkinson’s disease, and have enrolled over 60,000 iPhone 

users in just the first few weeks of  being available on the 

App Store. 





Apple Announced ResearchKit on 4/14/2015  
 



• After 14 face-to-face and teleconference meetings, hundreds of  

email exchanges, and dozens of  written communications, FDA 

orders 23andMe to halt sales of  DNA test kit.  

• 23andMe Uses a sample of  a user’s saliva 

• Claims to identify up to 254 diseases and other medical 

conditions 

• 23andMe has submitted to the FDA twice for review as a 

medical device but has failed to satisfy the FDA’s concerns 

Nov 25, 2013 



 In 2013: Assessments on 254 diseases 

and conditions for $99 

 In 2015: Assessments on 36 inherited 

disorders for $199 

 More than one million subscribers in 

the company’s database 

 The company also just announced a 

new drug discovery and development 

venture. 

23andMe is back in the genetic testing business 

with FDA approval Oct, 2015  
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NGS – Data Analysis 









 This should have been a warning that the big data were 

over-fitting the small number of  cases—a standard concern 

in data analysis. 



Microbiome and 

PheWAS  
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Research on the microbiome is an emerging science.  Recent 

work suggests the benefits derived by humans from their 

microbiotas may have profound consequences for health. 
 

Roles include 

• Food digestion and nutrition 

• Regulation of  metabolism 

• Processing and detoxifying environmental chemicals 

• Development and regulation of  the immune system 

• Prevention of  invasion and growth of  pathogens 

• Role in carcinogenesis: cancer susceptibility and progression 

• Biological control of  certain diseases and deficiencies 

Emerging roles of  the microbiome 





 PheWAS explores the association between a number of  

common genetic variations and a wide variety of  

phenotypes 

 The combination of  the extensive collection of  de-

identified medical records in the Synthetic Derivative 

and the genomic information in BioVU is ideal for 

PheWAS 

PheWAS 



PheWAS 

Bioinformatics 
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