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*  

άMetagenomicsέ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ǎŜǉǳŜƴŎŜ-
based analysis of the collective microbial genomes 
contained in an environmental sample." 

  

"The definition applied here excludes studies that use PCR 
to amplify gene cassettes or random PCR primers to access 
genes of interest, since these methods do not provide 
genomic information beyond the genes that are amplified." 

 Riesenfeld et al., Annu Rev Genet 2004 
 

[we're going to talk about this anyway] 



Who is there? 

What are they doing? 



"Who is There": What? 

Robert Koch 

(1843-1910) 



Historical views of microorganisms 

Pre-1600s: 



Historical views of microorganisms 

1670 van Leeuwenhoek: 
birth of microscopy, 
discovery of 
"animalcules" 

1774 Linnaeus helpfully 
brands as "chaos" 

Late 1800s: Haeckel's 
"Lebensbaum" 



Historical views of microorganisms 

1862-1945  
Phenotypic classification 
Gram staining 
Microscopy 
Koch's postulates 
"During this period, it was widely assumed by 

bacteriologists that bacteria possessed no 
ǎǇŜŎƛŜǎ ŀǎ ǎǳŎƘΧŀƴŘ ǘƘŀǘ ōŀŎǘŜǊƛŀƭ ƘŜǊŜŘƛǘȅ ŀƴŘ 
evolution involved a vague Lamarckian 
mechanism." 

Sapp, J. (2005) Microbial Phylogeny and 
Evolution: Concepts and Controversies. 



Historical views of microorganisms 

1946-1977 

Bacterial genetics 

Bacteria have genes!! 

The prokaryote / eukaryote 
divide 

Observation and exploitation of 
gene transfer mechanisms 

Despair about a "natural" 
classification system 

Jacques Monod (1910-1976) 



Historical views of microorganisms 

1977-1994 

Molecular taxonomy 
and the primacy of 
"marker genes" 

Sapp, J. (2005) Microbial Phylogeny and 
Evolution: Concepts and Controversies. 

Carl Woese 

(1928-2012) 

The Answer 



Historical views of microorganisms 
1995-present  

Genome sequencing: I'm so confused! 

The "Tree of Life" 

            Networks of microbes 

 

Norman Pace J. Peter Gogarten 

vs. 



Prerequisites for "Who is There" 

ÅDEFINITION of species or some other 
taxonomic / phylogenetic unit 
ïStrain 

ïGenus, family, etc. 

ïSerovar 

ïPathogroup 

ïEcotype 

ïOperational Taxonomic Unit (OTU) 

ïΧ 



Prerequisites for "Who is There" 

ÅCRITERIA for assigning an organism with a set 
of observations to a group 

ïMorphology 

ïPhysiology 

ïImmunochemical properties 

ïGenetic features 



Koch's Postulates (1890) 

! ǇŀǊǘƛŎǳƭŀǊ ϦǇŀǊŀǎƛǘŜϦ ŎŀǳǎŜǎ ŀ ƎƛǾŜƴ ŘƛǎŜŀǎŜ ƛŦΧ 
(i) The parasite occurs in every case of the disease in 

question and under circumstances which can account 
for the pathological changes and clinical course of the 
disease. 

(ii) The parasite occurs in no other disease as a fortuitous 
and nonpathogenic parasite. 

(iii) After being fully isolated from the body and 
repeatedly grown in pure culture, the parasite can 
induce the disease anew" 

(iv) ϦΧ a requirement to reisolate the microbe from the 
 experimentally inoculated host" 



Culturing and the  
"Great Plate Count Anomaly" 

ÅStaley and Konopka (1985) 

Åғ м҈ όƻǊ лΦм҈Σ Χύ ƻǊ 
microorganisms can be grown 
in pure culture 

ÅDepends on conditions, what's 
ƴŜŜŘŜŘΣ ŜǘŎΧ 

ÅWhat comes up may not be 
the most abundant / 
important microorganisms 

Ugalde et al. Science (2004) 



Why? 

ÅNatural settings can be 
very difficult to recreate 

 

 

 

ÅSome organisms grow 
sloooooowly in the best 
of circumstances 

 

 



AaaaaandΧ 

Dependence on other microbes 

 

Hug et al., BMC Genomics (2012)  



Greer, L. (2003) Allrecipes.com 



Can we have our cake? 

16S 

5S 

23S 



Ribosomal RNA genes: taxonomic and 
phylogenetic markers 

ATTCCGGTTGATCCTGCCGGAGGCCATTGCTATCGGAGTCCGATTTAGCC... 

TGAACTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCT... 

GGATCCAGGCTCTGCTAACCAGGGCGGCGATCTCGGCTGGGCTACACCAG... 



What's so special about ribosomal 
RNA genes? 

ÅEveryone has them 

ÅThey evolve slowly overall 

ÅBut have different rates in different regions 
(e.g., 'variable' regions) 

ÅThe 16S rRNA gene is generally accepted as 
"long enough" to yield accurate phylogenetic 
trees 



Kwon et al., IJSEM (2003) 

Pseudomonas 

All Bacteria 

Hugenholtz et al., J Bacteriol (1998) 



How does this help us? 


