
Introduction to metagenomics 

Agnieszka S. Juncker 
 

Center for Biological Sequence Analysis 
Technical University of Denmark 



Outline 

• Metagenomics 
• The human gut 



From genomics to metagenomics 

Genomics 
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What is Metagenomics? 

Metagenomics 
From Wikipedia, the free encyclopedia 
  
Metagenomics (also Environmental Genomics, Ecogenomics or 
Community Genomics) is the study of genomes recovered from 
environmental samples as opposed to from clonal cultures. 

    

Metagenomics (Environmental Genomics, Ecogenomics or Community 

Genomics) is the study of genetic material recovered 
directly from environmental samples. 

Metagenomics is application of modern genomic techniques to the 
study of communities of microbial organisms directly in their natural 
environments, bypassing the need for isolation and lab cultivation of 
individual species 

Chen & 
Pachter, 
2005 



B)  99% of microbial species 
cannot currently be cultivated 

A)  Most microbial activities are carried 
out by complex communities of 
microorganisms ... 

 
•  Culturing: a few hundreds species per gram 
•  16S sequencing: few thousands per gram 

A hand full of soil ... 

About Metagenomics 



Why Metagenomics? 

Discovery of: 
l novel natural products 
l new antibiotica 
l new molecules with new functions 
l new enzymes and bioactive 
molecules 

 
l what is a genome/species 
l diversity of life 
l  interplay between human and microbes 
l how do microbial communities work and how stable are 
they 

l holistic view on biology 



Environments 



Sample preparation 

Design of study and sampling (sample size, timing, replicates) 
 
 
Avoid contamination 
 
 
 
 
Pre-treatment, e.g. filtering 
 



DNA extraction from sample 

Lysation and DNA extraction, many methods availble, different biases 
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Metagenomics approaches 
Sequence-based       Functional   
(computational)       (experimental) 
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Sequence-based metagenomics 

Sampling 
DNA extraction 

PCR+sequencing of 16S rDNA 
Phylogeny analysis 

Sequencing 

Assembly 

Gene finding 
and annotation 

Comparison 

Comparison 

16S rDNA sequencing     Whole-genome sequencing 



Metagenomics data analysis 

Taxonomy annotation      Functional annotation 
 
 
 
 
 
 
 
 
 



Metagenomics data analysis – wrap up 

•  Sequence reads 

•  Assembly (contigs) 

•  Gene prediction 

•  Count matrix calculation (in case of many samples) 

•  Taxonomy annotation (BLAST, LCA) 

•  Functional annotation (COG, KEGG, GO) 

•  Main statistical analysis 



Project examples 

<



 
The human microbiome 
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Human intestines 



Metagenomics of the human gut 
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Functions of the human gut microbiome 
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