
(The Ticket is Expensive, but is 
the Train Going Anywhere?) 



Metagenomics 
Traditional microbial genomics 

  Sequence the genome of one organism at a time 
 Use cultures to isolate microbe of interest 

Metagenomics 
  Extract sequence data from microbial communities as they exist 

in nature 
  Bypass the need for culture techniques 

  Sequence all DNA in sample 
  Select DNA based on universal sequences 



 Natural samples contain DNA in several 
forms free DNA, virus particles, cells, etc.  

 These samples can be suspended in 
water, bound to the soil or other solid 
particles, or contained within an aggregate 
of microorganisms (biofilm)  



  Water suspended (aquatic) samples are easier to concentrate 
than solid-bound particles 

   may be filtered before concentration 
  choose filtration size by type of particles 

  choose filtration based on either eukaryotic, 
prokaryotic, or viral particles 



Soil-suspended particles often contain enzyme inhibiting 
substances 

  DNA isolation is either direct (cells lysed within 
sample material) or indirect (separated before lysing) 

  Lysing technique can change what DNA is extracted 
  i.e. gram-positive bacteria are hard to lyse 

  contaminants can be removed with agarose gel 
electrophoresis or chromatography methods 



From Figure 2 in Daniel, R. (2005) "The Metagenomics 
of Soil" Nature Reviews Microbiology 3: 470-478. 

Techniques in Metagenomics 

•  Isolate DNA 
•  Depends on sample type 

•  Clone DNA 
•  Insert into plasmid 
•  Develop sample library 
•  Screen or sequence 











DNA Sequencing 
 DNA sequencing is the determination of 

the precise sequence of nucleotides in a 
sample of DNA 

 DNA sequencing by Dideoxy Method/ 
Chain Termination Method 

   DNA sequencing by Chemical Method  



Chain-Termination Methods 



Sequence ladder by radioactive sequencing compared to fluorescent peaks 



The stem–loop structure that is able to 
form blocks synthesis of the new 
strand 

One version of DNA sequencing by the chemical 
degradation method. 
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Maxam-Gilbert Sequencing 



New Sequencing Methods 
• High-Throughput Sequencing 



High throughput metagenomic Analysis Tools 

• MEGAN (http://www-ab.informatik.unituebingen.de/software/megan) 
• MG-RAST (http://metagenomics.nmpdr.org) 
• IMG/M (http://img.jgi.doe.gov/m/) 
• CAMERA (http://camera.calit2.net) 

 Pyrosequencing 
 Based on the "sequencing by synthesis" principle 

 Depends on the detection of pyrophosphate release on 
nucleotide incorporation 

 Illumina sequencing 
 Pyrosequencing technology 

 Amplification takes place on strands on a plate instead of on a 
bead. 



Analysis of Metagenomics Data 

  Metagenomes are big 
  Soil has as many as 40,000 individual microbial species 
  Soil metagenome orders of magnitude bigger than human 

genome 

  Analyzing the metagenome 
  Screens 
  Phylogenetic studies 
  Sequencing uncultivated organisms 
  Studying metagenome under different conditions 



 99% of microbes are not 
easily cultured 

 All these microbes have 
16S/18S SSU rRNA 

 can be used to 
determine phylogeny 
can phylogeny 

 Used large --insert clone 
sequencing  

Example: 16S rRNA 



Understanding Microbial Communities 

  Some questions 
metagenomics may answer 
 Are certain adaptations 

observable across 
environmental gradients? 

 How do different species 
interact? 

 Can lateral gene transfer be 
detected? 

From Figure 2 in Schleper, C., et al. (2005) "Genomics studies of 
uncultivated Archaea"  Nature Reviews Microbiology 3: 479-488.  
Permission for figure 2 granted by K.Knittel and 
T.Loesekann,MPI Bremen, www.mumm-research.de. 



Applications of Metagenomics 



Metagenomics 

Who is there? 

Drug discovery 

Environmental survey Microbial genetic survey 

Microbial genomic survey 

Symbiosis 

Organism discovery 

Marine conservation 

Evolution study 

Bioenergy discovery 

Endosymbiosis 

Biogeochemistry mapping 

Metabolic pathway discovery 



  Problems with DNA purification 

  Sample contamination 

  Issues with sequencing 
  Immensity of metagenome (gigabases) 
  Errors in assembly due to inter-species similarities 
 Difficulties in sequencing less well-represented genomes 

Limitations of Metagenomics 




