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Extracting knowledge from data



We are NOT drowning in data in biology



Dealing with uncertainty is an essential 

aspect of computational biology



Network models as complex, rigorously 
structured hypotheses



Statistical and mechanistic models provide 
context for data interpretation

 

 

 

 

Statistical models and 

inferred networks derived 

from high-throughput data

Biochemical reaction 

networks based on 

detailed mechanistic data

Integrating both approaches 

provides mechanistic context 

for high-throughput data

Price, N.D., and Shmulevich, I., Current Opinion in Biotechnology, 2007



Model simulations allow for phenotype prediction

Optimal 

Solutions
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Dynamic

FBA
Robustness 

Analysis

Flux Variability 

Analysis

Becker, S. A. F. et al. 2007. Nature Protocols 23: 727-738. 
Price, N.D. et al.. 2004. Nature Reviews.2: 886
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Metabolic Flux: ‘Biological Traffic Flow’



Complex array of regulatory control for 
metabolic traffic



Need for automated network reconstruction
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Automated reconstruction of metabolic 

networks

• Henry, C. DeJongh, M, Best, AA, Frybarger, PM, and Stevens, RL, 
Nature Biotechnology, 2010

 Automated reconstruction of 
computable metabolic network 
models

 Demonstrated on 130 genomes –
now done for ~3000

 Provide advanced starting point for 
virtually any organism

 Accuracy from genomics: 65%

 With biolog and optimization: 87%



Enormous scope of microbiomes

motivates scalable approaches



Metabolic network expansion around 

key species in phylogenic tree



Microbes are Critical Components of 

the Global Carbon Cycle: One example

Image Source: NASA

Methanogens

Methanogens



Metabolic network expansion around 

key species in phylogenic tree



Two keystone manual reconstructions

• Methanosarcina barkeri

– Gonnerman…Metcalf, Price, BMC Systems Biology, 2012

– Feist…Palsson, Ideker, Molecular Systems Biology, 2006

• Methanosarcina acetovorans

– Benedict…Metcalf, Price, Journal of Bacteriology, 2011 



The M. acetivorans metabolic network is 
highly curated

Benedict, Gonnerman, Metcalf, Price, J. Bacteriol. (2011)



Validation of the M. acetivorans metabolic 
model

Benedict, Gonnerman, Metcalf, Price, J. Bacteriol. (2011)

Gene knockout lethality



Quantitative Predictions of Growth 

Rates

Growth rate predictions within experimental error

Benedict, Gonnerman, Metcalf, Price, J. Bacteriol. (2011)



Conserved Methanosarcina metabolism

Analysis done with 19
Methanosarcina strains



Variable Methanosarcina metabolism
Analysis done with 19
Methanosarcina strains



Gain and loss patterns in methanogenesis 
are complex

• Tree visualized using iTOL (http://itol.embl.de/).

http://itol.embl.de/


Gain and loss patterns in methanogenesis 
are complex

• Tree visualized using iTOL (http://itol.embl.de/).

http://itol.embl.de/


Comparison of curated Methanosarcina
models to identify physiological types



26

ITEP: A toolkit for comparative genomics and curation



Enormous scope of microbiomes

motivates scalable approaches



A “Google Map” of Human Metabolism

PROM: Chandrasekaran and  Price, PNAS, 2010
mCADRE: Wang, Eddy, Price, BMC Systems Biology, 2012 
GEMINI: Chandrasekaran and Price, PLOS Computational Biology, 2013
RECON2: Thiele et al, Nature Biotechnology, 2013



mCADRE
Semi-automated tissue-specific model generation

Metabolic Context-specificity Assessed by 

Determinisitic Reaction Evaluation (mCADRE)
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Wang, Eddy et al. BMC Systems Biology (2012)

High-throughput model generation with mCADRE:

126 draft tissue-specific metabolic models



Early success: prediction and validation of 

synthetic lethal targets for combination 

therapy

Nature 2011

• Germline mutations of FH are responsible for hereditary leiomyomatosis and 

renal-cell cancer

• Use genome-scale metabolic model to explain how these cells survive 

without a complete TCA cycle

• Then identify specific target that is lethal in the new metabolism, and NOT to 

normal human metabolism

• Cell experiments then validated the finding



Take home points 1

• One critical factor in understanding the 
environment is mapping out the functions of 
microbes

• Genome-scale metabolic models and community 
interaction network models can aid in this task

• Similar approaches can be employed in humans, 
providing a platform for studying symbiotic and 
pathogenic relationships

• Initial success for human metabolic network 
modeling in predicting new candidate cancer 
therapy that has been initially experimentally 
validated



Bringing P4 Medicine to Practice



The convergence of three revolutions

leads to proactive P4 medicine

P4 

Medicine

Digital Revolution--

Big Data Sets 

And Analysis

Systems MedicinePatient-driven 

Social Networks

Personalized
Predictive
Preventive

Participatory





Aging Populations: Skyrocketing

Number of persons 65+ (1900-2060)
Administration of Aging

In Millions



Chronic Disease: Skyrocketing

Percent of the population 
with a chronic condition



The Problem

• Current medical field focused entirely on 

care after illness

• Data is based on population averages, not 

individuals

• We don’t know when we may become 

chronically ill



9-12 yrs
MS

22 yrs
Stroke

6-8 yrs

Asthma 18 yrs

Arthritis

8-10 yrs
Diabetes

30-35 
yrs

Breast 
Cancer

15 yrs

COPD

6
months
Crone’s
Disease

7-10 yrs

Alzheimer’s

3 yrs

Depression

14 yrs

Heart 
Disease



Health: What do we really want to 
understand?

Health

Time

• Bigger effect size
• Larger likelihood 

for paper
• Smaller sample 

size required
• Less $

• Longitudinal
• More complex study
• Larger sample size required
• More $$$



• 100 participants

• 9-month study 
started in March

• IRB approved

• Whole genome sequence

• Detailed blood, urine, saliva 
measurements 3x

• Gut microbiome 3x

• Continual activity and lifestyle 
monitoring

• Discovery research on samples

• Data integration

• Coaching, events, education



A Systems Medicine Approach to Wellness
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A Unique, N=1 Data Cloud



… Times 100



Scaling Up Rapidly
ISB 100K
WELLNESS PROJECT

10K

1K



Sharing for discovery

ISB 100K
WELLNESS PROJECT

10K

1K

DISCOVERY DATA



Three scales of analysis

• Short term—optimize wellness and 
reduce disease for each individual 
patient and reduce the costs

• Intermediate term—longitudinal 
assessments of individuals over time 
and what brings about change

• Long term—generate a data base 
from individuals that will allow us to 
follow transitions from wellness to 
disease for major diseases

CONFIDENTIAL

N = 1

N = 1 to tens
(families/friends)

N <= 100K



From complexity, simplicity



Goals

1. Establish scientifically validated metrics

for wellness

2. Determine “actionable items” to present 

to individuals participating in 100-person 

pilot project

3. Identify transitions between disease and 

wellness

4. Identify what benefits are compelling for 

individuals



Conclusion and Further Reading

Nature, 
News piece,
Feb. 2014

Hood and Price, Science Translational Medicine (2014)

Hood and Price, 
Clinical Omics, 
May. 2014
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