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Ubiquitous and Abundant  

Å To put things in perspective, there are an estimated:  

 

1011 neurons in your brain,  

1014 cells in your body and  

1022 stars in the known universe. 
 

1030 microbes on earth 

Whitman W.B., Coleman, D.C., and Wiebe W.J., (1998) PNAS 95, 6578-6583 





Genomic Innovation 

Å For 4 simultaneous mutations in one gene, the rate would be: 

 

 (4 x 10-7)4 mutations per generation or 2.56 x 10-26. 

 

Å To estimate the frequency of simultaneous mutations in marine heterotrophic 

bacteria:  

 

 ~8.2 x 1029 cell/year x 2.56 x 10-26 mutations per generation = 2.1 x 104 mutations 

per year  (cell and generation cancel out). 

 

ÅTo convert to hours:  

 

 8.7 x 103 hours per year / 2.1 x 104 mutations  per year = 0.4 hours per 

mutation. 



Å Sonea & Mathieu (2000) suggest that, somewhere in Lifeôs first billion years, 

ólateral gene transfer mechanisms appeared and were progressively improved, 

furthering the development of diversity.ô 

 

Å óThe prokaryotes' constructive evolution resulted in the formation of a world-wide 

web of genetic information, and a global bacterial superbiosystem 

(superorganism).ô 

 

Å óBy contrast, eukaryotic evolution of organisms has been typically Darwinian. 

Diversification of eukaryotic organisms was, however, considerably enriched and 

accelerated by symbioses with prokaryotes.ô 

 

Sonea, S. & Mathieu, L. G. (2001)  Int. Microbiol. 4, 67ï71. 

Open Source Evoltuion 



Koonin  and Wolf. NAR. 2008 36:6688-3719 



Falkowski et al., (2008) Science 320, 1034-1038 



10 -2 

10 -1 

10 0 

10 1 

10 2 

10 3 

10 4 

10 5 

10 6 

10 -9 10 -4 10 -2 10 0 10 2 10 4 

year 

century 

10,000 yr 

month 

1,000,000 yr 

T
IM

E
 (

y
r)

 

SPACE (km) 

1  

km 

1  

m 

1000 

km 

mussel 

patch 

vent  

spreading  

center 

ridge  

segment 

cell 



4.6 

3.5 

2.3 

0.0 

Anthropogenic 

Microgenic 



Microbial Foundations 

Å How does microbial community structure contribute to ecosystem 
function? 

 

ÅWhat are the taxonomic and metabolic profiles that define these 
communities? 

 

Å How do these profiles change in response to natural or 
anthropogenic disturbances? 

 

ÅWhat is the role of the environment in shaping the genetic 
landscape of microbial communities? 



Central Dogma  Distributed Networks 

From Genomes to Biomes 



environmental genomics 



metagenomics 





N = In(1-P)/In(1-f) 
 

N = no. of clones in a gene library 

P = desired probability of gene in library 

f = fraction of genome in one insert 

 

Å For a probability of 0.99 (99% chance of a desired gene in the library) and an 

average insert size of 40 Kb, the number of clones required varies as a function of 

genome sizeé 

 

NE. coli = In(1-0.99)/In[1-(4x104/4.6x106)] = 5.3 x102 clones 

 

NH.sapiens = In(1-0.99)/In[1-(4x104/3x109)] = 3.5 x105 clones  

 



Å To put things in perspective, HiSeq produce 5Tb/yr | @150x: 5 Tb/yr = 33 Gb of genome/yr: 

 

200 Gb/day | 100 bp reads | $0.1/Mb 

Re-sequencing, 

RNA seq, Microbial WGS  

Illumina HiSeq ($500K, $20K/run) 

The Great Wave off Kanagawa Hokusai 

http://www.illumina.com/systems/hiseq_2000.ilmn 
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Contig Length Vs. Mean Contig Coverage 



Å  Multiple coexisting genotypes represented in a 

 sample 

 

Å  Cross-section of naturally occurring heterogeneity  at time of sample collection 

 

Å  Lateral gene transfer (Plasmids, Phage, Integrons,  etcé) 

 

Å  Limited functional information on most coding  sequences 

 

Å  Limited sample coverage (on average no two clones  derived from same 

genotype)  

 

Interwoven Complexity 












