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NIH Big Data to Knowledge (BD2K) 
2013 - $96 million to establish six to eight  

Big Data to Knowledge Centers of Excellence  



Opportunities and Challenges in 
Biomedical Research 

• Access 
• Management  
• Analysis 
• Integration of datasets  
• [e.g., imaging, phenotypic, molecular (including various '–omics'), 

exposure, health, behavioral 
 
• Big Data emanate from three sources:  

 
• (1) a small number of groups that produce very large amounts of 

data for use by the entire research community;  
• (2) individual investigators who produce large datasets, often 

empowered by the use of readily available new technologies 
• (3) research data or clinical data in electronic health records 



 سر فصل ها
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 پروژه ژنوم انسان



~50 years 

‘Finished’ human genome sequence 

1900 

1944 

1953 

1960’s 

1977 

1975-79 

1986 

1995 

1999 

1990 

Rediscovery of Mendel’s genetics 

DNA identified as hereditary material 

DNA structure 

Genetic code 

Advent of DNA sequencing 

First human genes isolated 

DNA sequencing automated 

First whole genome 

First human chromosome 

Human genome project officially begins 

Mendel discovers laws of genetics 1865 

2003 

~ 88 years 



Landmarks in Genetics and Genomics 



Definitions 

• Genetics: Study of Individual genes and 
their impact on relatively rare single gene 
disorders 
 
 

• Genomics: Study of all the genes in the 
human genome together, including their 
interactions with each other, the 
environment, and other psychosocial and 
cultural factors 



21st  Century 

February 2001: First Draft published  
April 2003: sequencing is completed but its analysis continue … 





The DNA Double Helix 



Gene Expression - Proteins 
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Human Genome Sequence 
10,000 nts x 1000 pg = 300 volumes = 3 Billion bp 

 
AAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGGCCTAAAAGGGGTGCCTAAAAGGGGCCTTGAA
AAGGGCCTTGAAAAGGGCCTTGAAAATTGGHUMANGENOMECCTTGAAAAGGGCCTTGAAGAGCCTAAAAGGG
GCCTTAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCC
TTGAAAAGCTCCTTGCCTAAAAGGGCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCT
TGAAAAGGGCCTTGGCCTAGCCTAAAAGGGAAAAGGGCCTTGAAAAGCTCCTAAAAGGGAGGGCCTTGAAAAGG
GCCTTGAAAGAGCTAAAAGGGAGGGCCTTGAAAAGGGCCTTGAAAAGGGCCTAAGCCTAAAAGGGTAAAAGGGC
CTAAAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGGGGAAGGGCCTGGGAAGGGCCTGG
GATAGCCTAAAAGGGGCCTAAAAGGGTTGGCAAGGGCCTAAAAGGGCCTAAAAGGGCCTAAAAGGGGGGAAGGG
CCTGGGAAGGGCCTGGGATAGCCTAAAAGGGGCCTAAAAGGGTTGGTTGAAAAGGGCCTTGAAAAGGGCCTTGG
CCTAGCCTAAAAGGCCGGCCTAAAAGGGCCTAAAAGGGTATATATATACACACACACTAGAGAGAGAGATATATTATA
CACACACCATATATAAAAAATTTATATGGGTTCTCC  َ  َ  َ  َ  َ  َ  َ CCTAGCCTAAAAGGCCGGCCTAAAAGGGCCTAAAA
GGGAAA 





Genome Sequence Similarities to 
Other Species 









Genomic Information 

Novel Diagnostics 
Microchips & Microarrays - DNA 

Gene Expression - RNA 

Proteomics - Protein 

Understanding Metabolism 

Understanding Disease 
Inherited Diseases - OMIM 

Infectious Diseases 

Pathogenic Bacteria 

Viruses 

Novel Therapeutics  
Drug Target Discovery 

Rational Drug Design 

Molecular Docking 

Gene Therapy 

Stem Cell Therapy 
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National Center for Biotechnology 
Information (NCBI) 

 
 

• Genomes & Maps 
• Data & Software 
• DNA & RNA 
• Domains & Structures 
• Genes & Expression 
• Genetics & Medicine 
• Homology 
• Literature 
• Proteins 
• Sequence Analysis 
• Chemicals & Bioassays 
• Taxonomy 
• Training & Tutorials 
• Variation 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http://www.ncbi.nlm.nih.gov/&ei=AQ0KUoe6HIuCkwX3lICABQ&usg=AFQjCNEtxijk1bbk_J3zghYe8TRBijQ4rw&sig2=ldz8gucWu6j_FuvJTzpH3g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http://www.ncbi.nlm.nih.gov/&ei=AQ0KUoe6HIuCkwX3lICABQ&usg=AFQjCNEtxijk1bbk_J3zghYe8TRBijQ4rw&sig2=ldz8gucWu6j_FuvJTzpH3g
http://www.ncbi.nlm.nih.gov/guide/sitemap/
http://www.ncbi.nlm.nih.gov/guide/genomes-maps/
http://www.ncbi.nlm.nih.gov/guide/data-software/
http://www.ncbi.nlm.nih.gov/guide/dna-rna/
http://www.ncbi.nlm.nih.gov/guide/domains-structures/
http://www.ncbi.nlm.nih.gov/guide/genes-expression/
http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/
http://www.ncbi.nlm.nih.gov/guide/homology/
http://www.ncbi.nlm.nih.gov/guide/literature/
http://www.ncbi.nlm.nih.gov/guide/proteins/
http://www.ncbi.nlm.nih.gov/guide/sequence-analysis/
http://www.ncbi.nlm.nih.gov/guide/chemicals-bioassays/
http://www.ncbi.nlm.nih.gov/guide/taxonomy/
http://www.ncbi.nlm.nih.gov/guide/training-tutorials/
http://www.ncbi.nlm.nih.gov/guide/variation/


Genome Browsers - International 

    United States: 
• http://www.ncbi.nlm.nih.gov/mapview/    NIH-NCBI    
• http://genome.ucsc.edu/ University of California Santa 

Cruz 
• Genome.wustl.edu / Washington University  
    Europe: 
• http://www.ensembl.org/index.html (The European 

Bioinformatics Institute). Part of the European 
Molecular Biology Laboratory) AND Wellcome trust 
Sanger Institute) 

    Japan: 
•  http://utgenome.org/UTGBMedaka University of 

Tokyo Genome Browser 
 

http://www.ncbi.nlm.nih.gov/About/primer/bioinformatics
http://www.ncbi.nlm.nih.gov/mapview/
http://www.ncbi.nlm.nih.gov/mapview/
http://genome.ucsc.edu/
http://www.topsimilarsites.com/similar-to/genome.wustl.edu
http://genome.ucsc.edu/
http://genome.ucsc.edu/
http://www.ensembl.org/index.html
http://utgenome.org/UTGBMedaka
http://utgenome.org/UTGBMedaka
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Pre-genomic bioinformatics 
 

 

"The mathematical, statistical and computing 

methods that aim to solve biological problems using 

DNA and Amino Acid sequences and related 

information.“ 

 

According to this scheme, the monomers in a given 

macromolecule of DNA or protein can be treated 

computationally as letters of an alphabet, put 

together in pre-programmed arrangements to carry 

messages or do work in a cell.  



Post-genomic bioinformatics 
 

 

- Possess multiple whole genomes 

 

- Look for differences and similarities between  

  all the genes of multiple species.  

 

- Draw particular conclusions about species and   

  general ones about evolution.  

 

- Referred to as comparative genomics 

 

 

































Genome Informatics 

Chromosomes 
Chromosome Abnormalities 
Deoxyribonucleic Acid (DNA) 
DNA Chip Technology 
DNA Microarray Technology 
Epigenomics 
Polymerase Chain Reaction (PCR) 
Transcriptome 
  

 

http://www.genome.gov/26524120
http://www.genome.gov/11508982
http://www.genome.gov/25520880
http://www.genome.gov/10000205
http://www.genome.gov/10000533
http://www.genome.gov/27532724
http://www.genome.gov/10000207
http://www.genome.gov/13014330
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Analysis of the Data 

 

• The Genome sequence should be annotated and the   

   information should be structured so that all sorts of  

   queries can be run on the database.  

 

* Integrated and linked databases 

 
* The genetic variation database should include or link to  

    information on individual phenotypic variation. 

 

•  Functional/expression database, including  

    pathway/regulatory databases 
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AI Pattern Discovery 

NCI / FDA CLINICAL PROTEOMICS PROGRAM 



Proteomic information patterns in a drop of blood 
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WITH EARLY DETECTION ACTUAL 

  

I   II   III  IV I   II   III  IV 

Most ovarian cancers are detected 

after they have already spread 

beyond the ovary and the 5yr 

survival is less than 20% 

 Stage at diagnosis  5 Year Survival 

Early diagnosis alone, with 

conventional therapy, can 

increase survival to greater 

than 95%  

Application to early detection of ovarian cancer 
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Gel view 

Mass  

chromatogram 

Typical serum profile from SELDI analysis 

1500 Data points 

Data analysis window: 0-20,000 Daltons = 15,500 data points 



Proteomic Pattern Clustering in n-Space 



Classification of Unknown: NO MATCH 



Classification of Unknown: BENIGN MATCH 



Classification of Unknown: CANCER MATCH 



a 

b 

OVARY  

UNAFFECTED TRAINING SET 

No Evidence of Disease: 
No Evidence of Cysts 

 No Evidence of Disease:  
 Benign Ovarian Cysts < 2.5 cm 
  

Surgically Staged Ovarian Cancer 

Stage II, III, IV 

6 

 No Evidence of Disease:  
 Benign Ovarian Cysts >  2.5 cm 

Surgically Staged Ovarian Cancer 

Stage I 

N DISEASE STATUS 

44 

2 

OVARY  

CANCER TRAINING SET 

N DISEASE STATUS 

11 

37 

 TOTAL 50 

 TOTAL 50 

= Ovarian cysts diagnosed by 3-Dimensional ultrasound, no evidence of cancer during 

   5 year follow-up. Sera donated upon enrollment and prior to gynecologic evaluation. 

= Sera donated before surgical staging and diagnosis. 

b a 

Training Sets 



TOTAL SPECIFICITY:  63/66 =  95% 

22/24 (92%) 

Artificial Intelligence-Based Proteomic Pattern Diagnostics 
Ovarian Cancer Results  

 

BLINDED TEST DATA           ( N= 116 PATIENTS) 

Ovarian cancer Stage II, III, IV 

Benign gynecologic and non-gyn inflammatory 

   (cysts, fibroids)            (RA, colitis, sinusitis) 
41/42 (98%)   

 32/32 (100%) 

Ovarian cancer Stage I 18/18 (100%) 

POSITIVE PREDICTIVE VALUE:   95% VS. 20% FOR CA125 

NED (5 Year follow up) 

TOTAL SENSITIVITY:  50/50  = 100% 





Genomics, Bioinformatics & 
Computational Biology  
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Proteomics 

Genomics 

Structural 
Genomics 

Bioinformatics 

Computational Biology  

Computational Molecular Biology  

Artificial 
Intelligence 

Machine 
learning 

Databases 

Robotics 

Graph 
theory 

Algorithms 
Information 

theory 

Statistics & 
probability 


