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Total 1.1 million microarrays available

Doubles every 2-3 years

Butte AJ. Translational Bioinformatics: 
coming of age. JAMIA, 2008.









108 million substances x
650,000 assays

1 billion points of data 
within a grid of 
70 trillion cells





















Validation methods are increasingly 
commoditized
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We are used to starting 
computer, IT, and Internet 

companies in garages...
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Potentials for starting a
“garage biotech”?



Trees in Biomedicine

• Linnaeus 1707-1778

• Promoted binomial 
nomenclature for 
taxonomy

– Homo sapiens, 
Mus musculus

• But 300 year old trees 
need crutches!

• The species taxonomy is 
commonly rearranged 
based on DNA

– Pneumocystis jiroveci and 
Pneumocystis carinii

300 year old pine (1709)
Hamarikyu Garden

Tokyo, Japan



Trees of disease: Nosology
• Linnaeus also co-founder 

of systematic nosology

– Nosology = classification of 
disease

– Genera Morborum (1763)

• Why not classify diseases 
based on genomics?

– Could reshuffle thinking 
about diseases and drugs

– Public molecular data: 
1 million+ microarrays, 
grows 2-3x/yr

Exanthematic Feverish, with skin eruptions

Critical Feverish, with urinary 
problems

Phlogistic Feverish, with heavy pulse 
and topical pain

Dolorous Painful

Mental With alienation of judgment

Quietal With loss of movement

Motor With involuntary motion

Suppressorial With impeded motions

Evacuatorial With evacuation of liquids

Deformities Changed appearance of 
solid parts

Blemishes External and palpable

Bramley M. Coding Matters 2001, 8:1.



• 39 Cancer of the buccal cavity

• 40 Cancer of stomach and liver

• 41 Cancer of peritoneum, intestines, rectum

• 42 Cancer of female genital organs

• 43 Cancer of breast

• 44 Cancer of skin

• 45 Cancer of other organs or not specified

Lung is an "other organ“; Brain is an "other organ"



• 50 Diabetes
– No type 1 or type 2

• Endocrine diseases were under General Diseases

• 88 Disease of the thyroid body
– Under Disease of the Respiratory System

• 5 Smallpox, 13 Cholera, 15 Plague, 21 Glanders, 22 Anthrax
– All bioterroristic today

• 189 Visitation from God



~300 Diseases 
and Conditions

20k+ Genes

Blue: gene goes down 
in disease
Yellow: gene goes up 
in disease

Human Disease 
Gene Expression Collection

Butte AJ, Kohane IS. Nature Biotechnology, 2006, 24:55.
Butte AJ, Chen R. Proc AMIA Fall Symposium, 2006.
Chen R, Butte AJ. Nature Methods, 2007.
Dudley J, Tibshirani R, Deshpande T, Butte AJ. Molecular 

Systems Biology, 2009.
Shen-Orr S, ... Davis MM, Butte AJ. Nature Methods, 2010.

Joel Dudley



Lamb J, ..., Golub TR. Science, 2006. 
Sirota M, Dudley JT, ..., Sweet-Cordero A, Sage J, Butte AJ. 

Science Translational Medicine, 2011.

Marina Sirota
Joel Dudley



Candidate anti-seizure drug against 
inflammatory bowel disease

Marina Sirota
Joel Dudley

Sirota M, Dudley JT, ..., Sweet-Cordero A, Sage J, Butte AJ. 
Science Translational Medicine, 2011.



Anti-seizure drug works against a rat model of 
inflammatory bowel disease

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011.

Marina Sirota
Joel Dudley

Mohan M Shenoy 
Jay Pasricha



Rat colonoscopy Rat with 
Inflammatory 
Bowel Disease

Inflammatory 
Bowel Disease

After 
Anti-seizure Drug

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011.



Anti-ulcer drug works for 
lung adenocarcinoma

• Human lung adenocarcinoma 
cell lines explanted into 
mouse models

• Followed growth 11 days

• Positive-control doxorubicin 
grew to 2x original volume

• Tumors in mice treated with 
vehicle grew to 3.25x original 
volume

• Not only did our compound 
work statistically better than 
control, it worked in a dose-
dependent manner

• Tumors in mice treated with 
50 mg/kg/day grew 2.8x

• Those treated with 100 
mg/kg/day grew only 2.3x.

Joel Dudley
Marina Sirota

Julien Sage
Sirota M, Dudley JT,..., Sage J, Butte AJ. Science Translational Medicine, 2011,





Supported NIAID programs
The BISC provides bioinformatics support to the following DAIT-funded networks and 
research consortia (participating centers); in the future additional networks and/or 
consortia may be added or current networks and/or consortia removed to reflect 
changing research priorities of the Institute:

• Collaborative Network for Clinical Research on Immune Tolerance Network
• Atopic Dermatitis Research Network (ADRN)
• Clinical Trials in Organ Transplantation (CTOT)
• Clinical Trials in Organ Transplantation in Children (CTOT-C)
• Population Genetics Analysis Program
• Protective Immunity for Special Populations
• HLA Region Genomics in Immune-mediated Diseases
• Maintenance of Macaque Specific Pathogen-Free Breeding Colonies
• Modeling Immunity for Biodefense
• Reagent Development for Toll-like and other Innate Immune Receptors
• Adjuvant Development Program
• Innate Immune Receptors and Adjuvant Discovery Program
• Human Immunology Project Consortium
• Non-human Primate Transplantation Tolerance Cooperative Study Group



Public release of raw individual-level 
clinical trials data

• Reproducibility

• Transparency

• Enable learning

• Return data to the community

• New science

• Enable new ventures



Sequencing Excitement
• 454/Roche, Life Technologies

• Helicos: $30k genome

• Pacific Biosystems: sequence 
human genome in 15 minutes

• Run times in minutes 
at a cost of hundreds of dollars

• 20 TB in 15 minutes

• $~1000 genomes: 
Illumina, Ion Torrent

• Complete Genomics:
towards 
80 genomes/day
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Patient zero

40 year old male in 
good health presents to 
his doctor with his 
whole genome

No symptoms

Exercises regularly

Takes no medications

Family history of 
aortic aneurysm

Family history of 
sudden death

Presents with 2.8 million 
SNPs

752 copy number variants



Variants predisposing to cardiac risk

Ashley et al (2010), Lancet
375:1525

• Rare variants in 3 
genes clinically 
associated with 
sudden cardiac 
death: TMEM43, 
DSP, and MYBPC3

• Variant in LPA 
consistent with a 
family history of 
coronary artery 
disease

Euan Ashley and team



Ashley EA*, Butte AJ*, Wheeler MT, Chen R, Klein TE, Dewey FE, Dudley JT, Ormond KE, Pavlovic A, Hudgins L, Gong L, 
Hodges LM, Berlin DS, Thorn CF, Sangkuhl K, Hebert JM, Woon M, Sagreiya H, Whaley R, Morgan AA, Pushkarev D, Neff 

NF, Knowles W, Chou M, Thakuria J, Rosenbaum A, Zaranek AW, Church G, Greely HT*, Quake SR*, Altman RB*. 
Clinical evaluation incorporating a personal genome. Lancet, 2010. 

Russ Altman and team

Pharmacogenomics predictions
• Heterozygous null mutation in CYP2C19  clopidogrel resistance?
• Variants associated with positive response to lipid-lowering therapy
• CYP4F2 and VKORC1 variants  low initial warfarin dose



• Study published in 2008 in 
Inflammatory Bowel 
Disease

• Crohn’s Disease and 
Ulcerative Colitis

• Investigated 9 loci in 700 
Finnish IBD patients

• We record 100+ items

– GWAS, non-GWAS papers

– Disease, Phenotype

– Population, Gender

– Alleles and Genotypes

– p-value (and confidence)

– Odds ratio (and confidence)

– Technology, Study design

– Genetic model

• Mapped to UMLS conceptsRong Chen
Optra Systems
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Number of 
papers 
curated

Distinct 
SNPs

Diseases and 
phenotypes

~11,250 ~192,000 ~4,400

Rong Chen
Optra Systems

VARIMED: Variants Informing Medicine

Chen R, Davydov EV, Sirota M, Butte AJ. 
PLoS One. 
2010 October: 5(10): e13574.



Moving from OR to LR

Odds ratio

Ratio of odds of test positivity in cases over 
odds of test positivity in non-cases

Likelihood ratio (+)

The probability of test positive in cases, over the 
probability of test positive in non-cases

Sensitivity / (1 – Specificity)

Very similar, but different...

Morgan A, Chen R, Butte AJ. Genomic Medicine, 2010.



Post-test probability is calculated 
with likelihood ratio 

Pre-test odds x likelihood ratio  Post-test odds

Pre-test odds x LR1 x LR2 x LR3  Post-test odds

Morgan A, Chen R, Butte AJ. Genomic Medicine, 2010.

Can chain likelihood ratios 
from independent tests



Fagan TJ. Nomogram for Bayes 
theorem. N Engl J Med. 
1975 Jul 31;293(5): 257.

Morgan, Chen, Butte. Likelihood 
ratios for genomic medicine. 
Genome Medicine. 2010; 2:30.
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Rong Chen
Alex Morgan
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So what can we do about the risk?

• Diseases with higher post-test probabilities

• How to alter the influence of genetics?

• Diseases are caused by genes and environment

• We need a simple “prescription” for environmental 
change for a genome-enabled patient

• How do we compensate for our genomes?



Rong Chen
Alex Morgan

Joel Dudley



Take Home Points

• Molecular, clinical, trials, and epidemiological data 
and tools already exist  diagnostics and 
therapeutics.

• Personalized medicine ≥  DNA.  Needs to include 
other clinical, molecular, and environment 
measures.

• Public big data is highly enabling.
Use it, and share your data after publication.
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