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Metagenomic distribution of prokaryotic taxa

Everything is everywhere? Or not?

ñémost microbial clades do seem to have a preferred habitatò 



¶Compiling data for ALL environmental samplings of bacteria

¶Prokaryote taxa are specific or cosmopolitan? 

¶How can we describe and quantify the possible 

environmental preferences, if they exist?

¶Do close taxa favour similar environments?

¶Which are the more relevant environmental characteristics 

shaping microbial distribution?

Some objectives for this work



16S rRNA as phylogenetic marker

GenBank, ENV section, more than 400.000 16S sequences
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RDP classifier (http://rdp.cme.msu.edu)

Blast hits

Taxonomic assignment of 16S rDNA sequences
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seq 3

seq 5
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seq 1

seq 2

seq 4

Sample ASeq1 AGCTGACTAGé

Seq2 TTAGCGGATGé

Seq3 CCGGTAGTCAé

16S rDNA Sequences (359.928) Samples (3.502)

OTU 1

seq 1 (A)

seq 4 (A)

Clustering

97% identity

Environments

OTUs (124.390)

Forest soil

Cow rumen

seq 5 (B)

seq 2 (A)

OTU 2

OTUs in taxa

Titles

¶Taxa (or OTUs) in samples

¶Taxa (or OTUs) in environments

Data matricesTaxonomic placement

Data generation



Supertype Type Subtype Samples

Aquatic

Saline waters

Sea, coastal 59

Sea, open 155

Sea, deep 32

Lakes 21

Other 20

Saline sediment 191

Freshwaters

Aquifers 42

Groundwaters 48

Lakes 132

Rivers 61

Drinking waters 14

Freshwater sediment 96

Freshwaters-Saline waters 30

Marine host-associated 144

Terrestrial

Soil

Agricultural 99

Arctic 59

Arid 30

Cave 21

Forest 63

Grassland 14

Rocks 67

Saline 27

Other 191

Soil-Saline waters interfase 12

Soil-Freshwaters interfase 57

Plants
Rhizosphere 97

Other 49

Supertype Type Subtype Samples

Thermal
Hydrothermal 79

Geothermal 110

Host

Animal host 51

Gastrointestinal tract

Human 86

Cattle 71

Mouse 19

Insect 79

Other 73

Oral 39

Vagina 12

Other human tissues 29

Other

Aerial 11

Oil 51

Artificial

Compost 53

Food treatment 20

Industrial 222

Mines 107

Wastewaters 199

Other 39

5 supertypes, 20 types, 46 subtypes

Environmental classification



¶Anoxic

¶Thermal (above 50Ü C)

¶Cold (below 0Ü C)

¶Saline

¶Alkaline

¶Acid

¶Polluted

¶Diseased (for tissues only)

Environmental characteristics

Environmental features



1. Set of 532 articles classified by hand, covering all environmental classes

Phylogenetic analysis of fiber-associated sheep rumen bacterial community

Analysis of human intestinal microflora by cloned 16S rRNA sequences

Genetic diversity of the toxic cyanobacterium Microcystis in Lake Mikata

Gut/Cattle

Gut/Human

Freshawaters/Lake

2. Generation of vectors of words for each environment

Words Gut/Cattle Gut/Human Hydrothermal Freshwater/Lake

Analysis 10 22 9 12

Intestinal 52 85 0 0

Human 1 132 2 5

Lake 0 1 5 58

Vent 0 0 86 3

3. Training of a Bayesian classifier with these frequencies

4. Classification (and curation) of new articles

Query: Association of marine archaea with the digestive tracts of two marine fish species

Gut/Other: 120.3 (digestive, tract, fish)

Gut/Human: 105.1 (digestive, tract)

Marine host: 53.5 (marine, fish)

52% recall, 81% precision

Increased by manual curation to 3.181 

samples, 91% recall

Environmental classification of articles



Taxa Animal host Artificial Freshwater Geothermal

Archaea;Crenarchaeota;Thermoprotei;

Sulfolobales;Sulfolobaceae
0 52 0 262

Archaea;Euryarchaeota;Thermoplasmata;

Thermoplasmatales;Picrophilaceae
0 67 31 57

Bacteria;Firmicutes;Bacilli;Bacillales;

Bacillaceae
91 882 138 40

Bacteria;Proteobacteria;Alphaproteobacteria;

Rickettsiales;Rickettsiaceae
491 2 2 0

Taxa in environments

Taxa Nostocaceae Clostridiaceae Bacillaceae

1: Genetic diversity of archaea in deep-sea 
hydrothermal vent environments 1 0 0

2:Microbial Diversity in Sediments from the 
Deepest Cold-Seep Area, the Japan Trench 1 0 5

3: Phylogenetic study of methanogens associated 
with rumen ciliates 0 12 2

Taxa in samples

Data matrices



Most OTUs are rare

124.390 OTUs in total

67%

Caution when extracting conclussions for OTUs!



Environments 
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Environmental distribution of prokaryotic families

Tamames et al, BMC Microbiol 10, 85 (2010)


