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Roech et al, 2007: 
55 000 16S pyrosequences

10 000 000

Torsvik et al, 1990: 
Genomes reassociation kinetic

Gans et al, 2005: 
Genomes reassociation kinetic
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Number of 16S rRNA sequences

Morales et al, 2009: 
library of 5 000 16S clones 

(GC-fractionated DNA)

Tringe et al, 2005: 
library of 1 700 16S clones

Two million fosmid 
library

60 Gbp total DNA 
Titanium pyrosequencing
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Nesme et al 2003



Soil: 104 - 107 species / gram

Uneven distributed
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“Rare biosphere”: difficult to access 

Predominant species: easily studied

Number of species             104 -107

Terragenome: To sequence and assemble an entire metagenome 
of soil (Rothamsted, UK).
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Metagenomic approach:



The long-term experimental site in the UK: 

Rothamsted http://www.rothamsted.ac.uk/

Extensive metadata

From 50 to 140 years of 

controlled experiments

http://www.rothamsted.ac.uk/




104

107

4 x 1010

4 x 1013

102  (106)

105  (109)

“Species”/g soil Number of bp
Number of pyroseq

Runs (fosmid clones)

109 4 x 1015
107  (1011)

Number of bp Number of runsTotal b&a/g soil

-Need to create strategies to improve soil nucleic diversity

accessibility

-Need to find variables that fraction DNA to access parts of the 

rare biosphere to limit sequencing redondancy 

A few problems



Vertical soil 

fractionation

Cellular 

fractionation in a 

density gradient Cell lysis stringency

Molecular DNA 

weight 

fractionation
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« Bead beating »

« Agarose plug »

Searching for genomic diversity



Some people think one needs to do composite sampling



Some people sieve soil and technique is everything



Of course this could vary from person to person





Diversity differences and 

distribution

MIX

Plot 1
Plot 2

Plot 3

Plot 5
Plot 4

PFGE:

1  EXTRACTION
5  EXTRACTIONS
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One DNA extraction approach

(~40% of probes)

15 DNA extraction approaches (about 

99% of probes)

Rothamsted soil phylochip saturation curve











Bradyrhizobium japonicum USDA 110 

Blastopirellula marina DSM 3645 
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Functional Subsystem Distribution



Is Everything Everywhere?

Is Everything Everywhere?    Yes:

Soil community “adaptation” is growth or gene 

rearrangement and/or exchange

{What is everything? 

{ Where is everywhere? 

Is Everything Everywhere?    No:

“Adaptation is de novo gene synthesis w/ or w/o gene exchange

(Or microbial movement) 

Species, genes, function, sequences}

1 g; 1kg; 1 ton of soil }



Oceans
Coral atolls

Deep oceans

Antarctic lakes
Arctic snows

Soils
Hypersaline sediments

Sludges

Microbial fuel cells

Acid mine drainage biofilms

Polluted air

Human feces

Chicken ceacum

Mouse ceacum
Cow rumen

Soil compared to other « environments »



41.62%

31.59%

PCA comparing general functional subsystems
distributions among 32 metagenomes



41.62%

31.59%

Amino Acids and Derivatives
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PCA comparing general functional subsystems
distributions among 32 metagenomes



15.16%

8.10%

Global metagenomic comparison of 15 ecosystems



Amino Acids and Derivatives

Carbohydrates

Cell Division and Cell Cycle 

Cell Wall and Capsule 

Clustering.based subsystems
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20.00%

31.34%

Global metagenomic comparison of 15 ecosystems
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Ginolhac et al

TREE
vs
Biodiversity



R² = 0.9986
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Thanks to Daniela Bertels

Assembly vs Diversity



CONCLUSIONS

Soil Metagenomics provides access to microbial

biodiversity

1. Sequencing helps uncover hidden diversity

• Sequence interpretation is heavily dependent on genome

sequences in database – need more genomes sequenced.

2. Clone librairies provide contiguous sequences

• Long term possibility of genomic assembly.

3. Definition of sequence and genomic variance affects biodiversity

estimates.



www.genomenviron.org

Environmental Microbial Genomics Group


