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Why Is Biology a Good Source for 
Systems Biology & Engineering?	



~1030 bacteria !
Everywhere. 

~1011 stars in the 
Milky Way!

!
~1023 in the 

observable universe 

~106 bacteria/g soil!
~105 species 

~106 people in San 
Francisco !

!
~Each person emits 
~106 bacteria/hour 

~4Mb genomes!
~103 genes 

~8000 genomes/flash 
drive in my pocket!

!
A sense-compute-

and-do system 
contained in  a 10-15 

liters! 

~103 proteins!
~107 interactions 

~60,000 different 
classes of protein!

!



Water supply crises 

Food Shortage Crises 

Extreme Volatility in Energy and Agriculture Prices 

Rising Greenhouse Gas Emissions 

Antibiotic-resistant bacteria 

Vulnerability to pandemics 

Land and Waterway misuse 

Rising Rate of Chronic Disease 

Understand biological 
impacts and routes to!
clean soil, water and air 

Microbes and 
plants useful  for 
renewable food 
and chemical 
production 

Rapid tracking of microbes and gene 
flow in the environment.  

Understanding microbial “gut” communities for 
underlying responses to environmental change 

Biology Solutions for Big Problems 



JGI	
  Overview	
  
User	
  Facility	
  for	
  Large	
  Scale	
  Genomics	
  	
  

to	
  Enable	
  Bioenergy	
  and	
  Environmental	
  	
  Research	
  	
  

	
  
	
  

•  Facility	
  
–  Walnut	
  Creek	
  4-­‐Bldgs/80,000	
  sq	
  C	
  
	
  

•  Staff	
  
–  284	
  FTE	
  	
  
	
  

•  	
  Funding	
  	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  ~69	
  M	
  US	
  Dept	
  of	
  Energy	
  



Users 

Bioenergy	
   Carbon	
  Cycling	
  	
   Biogeochemistry	
  

Metagenomes	
   Plants	
   Fungi	
   Microbes	
  
DNA	
  Synthesis	
  

Science	
  

DNA	
  	
  
Sequencing	
  

Advanced	
  
Genomic	
  

Technologies	
  
ComputaFonal	
  

Analysis	
  
DNA	
  Synthesis	
  



DOE Office of Science 
Office of Biological and Environmental Research 

Environmental	
  
communiSes	
  

Macroscopic	
  and	
  
Molecular	
  
Phenotypes	
  

KBase: The DOE Systems Biology 
Knowledgebase  

IntegraSng	
  data	
  

Organism Landing Page 

Genomic	
  
PotenSal	
  and	
  
AcSvity	
  

Cellular Network Landing Page 

Biochemistry  Landing Page Models	
  of	
  
behavior	
  and	
  
transformaSon	
  

•  KBase aims to 
enable 
collaboratively 
developed, 
data-driven and 
formally testable 
models of 
biological 
function and 
behavior in 
environmental 
context. 

 

•  Open,	
  extensible	
  architecture	
  
•  DemocraSzed	
  access	
  to	
  HPC	
  
•  Well-­‐defined	
  API	
  
•  Scalable	
  workflow	
  engine	
  
h]p://kbase.us	
  



DOE Office of Science 
Office of Biological and Environmental Research 

Enabling collaborative model-building of 
microbes, plants and their communities 

•  Novel	
  “NarraSve	
  Interface”	
  
allows	
  researchers	
  to	
  share	
  their	
  
thoughts,	
  methods,	
  and	
  results	
  
in	
  an	
  acSve,	
  persistent	
  
document.	
  	
  

•  Enables	
  access	
  to	
  hundreds	
  of	
  
data	
  access	
  and	
  analysis	
  
methods	
  and	
  large	
  public	
  and	
  
private	
  datasets	
  in	
  a	
  unified	
  
model.	
  	
  

•  Allows	
  open,	
  transparent,	
  
reproducible	
  science	
  with	
  
complex	
  heterogeneous	
  data	
  
sets.	
  	
  

•  Enables	
  sharing	
  and	
  project	
  
management.	
  	
  



IntegraSve	
  Genomics	
  	
  
Building	
  (IGB)	
  

HTP	
  sequencing	
  &	
  analysis	
  
DNA	
  synthesis	
  capability	
  
Conver'ng	
  sequence	
  to	
  func'on	
  

Data	
  sharing	
  &	
  integraSon	
  
Modeling	
  of	
  organisms	
  &	
  communiSes	
  
Suppor'ng	
  predic've	
  biology	
  

Providing	
  essen'al	
  infrastructure	
  
for	
  systems	
  biology	
  for	
  bioenergy	
  

and	
  the	
  environment	
  

Sequence	
  &	
  
other	
  data	
  

Hypothesis	
  
generaSon	
  

DNA	
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FuncSonal	
  	
  
analysis	
  

Systems	
  
Biology	
  

Berkeley	
  
Open	
  

Biofoundry	
  

Bio-­‐imaging	
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M2B	
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