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Summary
● Filtered surface samples from four sites near BATS
● Sequenced 1.045 billion base pairs 

– Attempted assembly from ends of 2-6 kb fragments
● 1.2 million previously unknown genes

– Including 782 new rhodopsin-like photoreceptors
● “At least” 1800 species present?

– Claim based on sequence homology and statistical models 
of relative abundance of organisms

● Contamination by clonal terrestrial bacteria?
– Burkholderia sp. was dominant organism in one sample

● Genomics researchers doing Oceanography? 
– Ruffled a few feathers...  But demonstrated the raw power 

of massive sequencing resources.  (see also DeLong, et al 2006) 



Sampled locations...

(Venter et.al., 2004)

Samples 5-8, 3 size fractions, 
May 2003, 320K sequences

Sample 3, 1 size fraction,
Feb 2003, 370K sequences

Sample 4, 1 size fraction,
Feb 2003, 330K sequences

Samples 1-2, Stations Mixed, 
2 size fractions, Feb 2003, 
970K sequences



Sampling and Sequencing
● Chose sample locations based on???

–  All surface mixed layer, and Why not BATS?
● Filtered to collect bacteria (not eukaryotes & viruses)
● Sequenced the “ends” of 2-6kbp fragments
● “Coverage” varied by at least a factor of 25

(Venter et.al., 2004)

● Assembly required tuning 
and relaxation of single 
genome parameters.

● Most sequences did not 
make it into contigs



Prochlorococcus assembly...

(Venter et.al., 2004)

MED4 genome, color 
coded by position

Inner rings of assembled 
env sequence, colored 
to match gene order

Big gap? 

What's 
this? 

Overlapping heteroge-
neous scaffolds indicate 
multiple strains present



Other assembled sequence yielded...

10 assembled 
megaplasmids...

(Venter et.al., 2004)

Archea in the surface 
mixed layer...



...and two very prevalent bacteria

And...  Burkholderia sp.
A terrestrial surprise found 
dominating only in one 
sample.

(Venter et.al., 2004)

Shewanella oneidensis, a 
marine “facultative anaerobe”



Contamination?

(Venter et.al., 2004)

Shewanella oneidensisBurkholderia sp.

[Typical subset of scaffolds]

Very high coverage, almost entirely from within one 
sample, the same sample for both organisms.
Burkholderia sp. assembly was essentially “clonal”



What else was in there...

● Using rRNA sequences discovered...
– 16S rRNA occurs in varying “copy number” in different genomes

● ...as well as 6 “phylogenetic marker genes”...
– Specifically selected as “single copy” genes

● Attempt to reconstruct populations and relationships

(Venter et.al., 2004)



Estimating number of species present

(Venter et.al., 2004)

451? 1824? 
4138? 47733?

451, lower bound based on unique 
copies of 6 marker genes.

● Fit a statistical model of random shotgun sequencing
– Poisson distributions govern overlaps of random events with a length 

● Use this model to back-estimate the number of genomes
– By estimating the rate of overlap of multiple distributions...

● But, multiple models fit, and they give different answers!



Questions for discussion:
How useful is “assembly” of environmental sequences 
into scaffolds/genomes that do not necessarily represent 
real sequence that has ever existed in an organism?

Contamination at high levels is annoying, but how could 
contamination at lower levels ever be detected?  What 
are the impacts if it went undetected?

Contamination at high levels is annoying, but how could 
contamination at lower levels ever be detected?  What 
are the impacts if it went undetected?
What does it mean, and how useful is it to estimate 
numbers of species/phylotypes using these types of 
methods?
As new sequencing technologies become available, what 
additional capabilities can we imagine having with say a 
1000-fold increase in bp/$ and/or portable operation?


