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Analyzing multibacterial (multispecies) 

samples from the environment 



Metagenomics 

 Metagenomics deals with samples taken directly 

from the environment 

 Soil, water, hot spring, oil sands, human gut, stool 

 Also called environmental genomics 

 

 Necessarily more complex than genomics 

 Mixture of multiple organisms 

 Many have never been looked at on the molecular 

level at all 
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Metagenomic analysis 

 Who’s there? 

 Taxonomy analysis 

 

 How many/much of them are there? 

 Relative abundance of organisms 

 

 What do they do? 

  Functional analysis 
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Basic principles 

 Simple analysis using a reference gene 16SrRNA 

 Amplification of reference gene with general primers 

 Overall microbial community composition (presence-

absence) 

 Whole genome sequencing (WGS) 

 Sequencing + mapping to known genomes (or to 

specific marker database) 

 Overall microbial community composition 

(quantitative) 

 Dominant functions 

 It can also be done with assembly 
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Comparative metagenomic analysis 

 Across different environments 

 Individual taxon abundance 

 Overall microbial community composition 

 Dominant functions 

 Environment-specific functions of same taxon 

 

 Within same environment 

 Changes over time 
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16S rRNA sequencing 

 Early and still common method 

 Highly conserved yet unique to individual (mostly 

bacterial) species 

 Consists of variable and conserved regions 

 Targeted sequencing using primer pairs 
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16s rRNA based community analysis 

procedures 
DNA Extraction 

From Environment 

Samples 

From Enrichment Cultures 

Pyrosequencing 

454 Titanium Pyrosequencing 

Data Analysis 

Microbial Community Analysis 

PCR Amplification 

Gene: 16s rRNA 

Primer sets: 1392R454A, 926F454B 



SILVA Database 
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GreenGenes Database 
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A 16S rRNA analysis pipeline 
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Metagenomic Tools (Local) 
 Qiime (Quantitative Insights Into Microbial Ecology) 

 Consists of Python scripts 

 Taxonomy and diversity statistics/visualization 

 Mothur 

 Commands written in C++ programs 

 Taxonomy and diversity statics/visualization 

 MEGAN (Metagenome Analyzer) 

 Provides functional as well as taxonomy analysis 

 GUI with tree-based visualization 
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QUIIME (Local Installation) 
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MOTHUR (Local Installation) 
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Megan 5 (Local Installation) 
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Operational Taxonomic Units 

 OTUs are basic units of taxonomy analysis 

 16S rRNA reads are clustered into OTUs 

 At 97% or 95% sequence identity (usually) 

 OTUs are mapped to a taxon 
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What do the analysis 

pipelines do? 
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Phoenix 2 Web Interface 
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Pyrotag Download Table 
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Data Access: Phylogeny 



Metagenomic sequencing 

 Whole metagenome with „binning” 
 Map genes to (annotated) genomic sequences 

 Count hits by taxa („bins”) – gives taxonomic composition incl. 
Quantitation of taxa. 

 You can use marker database instead of full genomes. Faster but 
less sensitive. 

 

 Whole metagenome with assembly 
 Assemble reads just like in genome assembly 

 Complicated because of multiple unknown sources of 
metagenomic reads, lower coverage on individual genomes. 

 Requires large computers. 
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New Scientific Results 

1) The input reads are aligned against a dbase of genomes 

2) The alignments are processed using the lowest common ancestor algorithm 

3) Each read is assigned to a taxonomic level 

4) The result is a list of reads with the assigned taxonomy 

 

Taxoner output: 

List of Taxonomies and the number of reads assigned to each one 

Database of all genomes 



New Scientific Results 

Taxoner: Principle 

1) The input reads are aligned against the artificial chromosomes 

2) The alignments are processed using the lowest common ancestor algorithm 

3) Each read is assigned to a taxonomic level 

4) The result is a list of reads with the assigned taxonomy 

 

Taxoner output: 

List of Taxonomies and the number of reads assigned to each one 



New Scientific Results 

Taxoner: Gene Assignment 

gene1 
(function1) 

gene2 
(function2) 

gene3 
(function3) 

annotated genome 

NGS read 
… … … 

 
fu

n
ctio

n
2
 

 
fu

n
ctio

n
1
 

 
fu

n
ctio

n
3
 

1) Genes and functions are assigned to the lower taxonomic levels (species, 

subspecies and strain) 

2)  The algorithm is based on an integrated database created with JBioWH 

using Gene, PTT, COG and eggNOG databases 

3) The result is a list of genes per taxonomy and COG-eggNOG functional 

classification 

 

Gene and function assignment output: 

List of COG groups and number of genes per taxonomies 

Database of all genomes 



New Scientific Results 

Taxoner: Gene Assignment 
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Gene and function assignment output: 

List of COG groups and number of genes per taxonomies 



New Scientific Results 

Taxoner: Run times and examples 

Running time1 

Dbase 1 thread 4 threads 12 threads 

MetaPhlAn own bacterial marker dbase2 14 sec 7 sec 6 sec 

Taxoner NCBI nt Bacteria3 165 sec 105 sec 90 sec 

Taxoner NCBI nt full dbase4 2446 sec 2031 sec 1866 sec 

MEGABLAST NCBI nt bacteria3 8.3 h n/a 3.9 h  

MEGABLAST NCBI nt full dbase4 37.6 h n/a 9.4h  

Processor: Intel Xeon CPU: E5-2640 
1 Dataset: SRR292150, Reads 183 203 (27 MB) 

2 Own database with 366 988 039 nucleotides (367 MB) 

3 15 400 949 699 nucleotides (15 GB) 

4  52 380 339 934 nucleotides (54 GB) 

• MetaPhlAn was selected because of its speed and accuracy in estimating taxon 

composition 

• Megablast was selected because of its reputation in alignments 



Marker databases make analysis 

fast but much less sensitive.. 

Marker dbase 

14 sec 

(Metaphlan) 

Full dbase 

165 sec 

(Metaphlan) 
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QC Reads

Assembly
tRNA  

prediction

rRNA 

prediction

ORF 

prediction

Function 

Annotation
Pathway 

Annotation

Taxonomic 

Profiling

Sequence 

Information

Taxonomic 

Binning

Graphs, Tables

Visulizations

HMP Metagenome Analysis Flowchart
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Example: Tailings Pond Composition 

Sand, clay, fines (< 44 mm) 
Bitumen 

Alkaline water 
Hydrocarbon diluent  

Naphthenic acids 
Metals (V, Ni, Sr) 

 

Microorganisms! 
 

Aerobes at surface 

Anaerobes at depth 



Depth Profile of an Active Tailings Pond 

•  The pond in operation since 2004 
•  Sampled in October 2008 
•  Samples collected from surface  60 ft. deep 
•  “Soft” or pre-consolidated (pre-CT) tailings 
•  Pond is routinely treated with gypsum (CaSO4)
   

Meddőhányó 



Acidobacteria 
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Overview of Sequences Found at Phylum Level  

as a Function of Depth 
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a:  Hypomicrobium 

b:  Methyloversatilis 

d:  Pelobacter 

g:  Hydrocarboniphaga 

a:  Porphyrobacter 

b:  Rhodoferax, Hydrogenophaga 

d:  Syntrophus, Desulfocapsa 

g:  Coxiella 

b:  Rhodoferax, Azoarcus 

d:  Syntrophus, Geobacter, 

     Desulfatibacillum 

g:  Coxiella 

b:  Brachymonas 

d:  Syntrophus, Desulfuromonas 

g:  Coxiella 
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Degrees of OTU sharing among samples 
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Phoenix 2 

NMDS 
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Metagenomic Analysis 
Related Sites 

 MG-RAST (Metagenomic Analysis Server) 

 https://metagenomics.anl.gov 

 27,003 public metagenomes 

 IMG (Integrated Microbial Genomes) 

 https://img.jgi.doe.gov 

 SILVA and GreenGenes (Ribosomal RNA Collection) 

 http://www.arb-silva.de 

 http://greengenes.lbl.gov/cgi-bin/nph-index.cgi 

 Ribosomal RNA databases and tools 
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MG-RAST Server 



Integrated Microbial Genomes 
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What have we learnt? 
 Metagenomics is the analysis of samples - usually 

environmental or gut microflora samples  - with many 

thousand species 

 Traditional approach uses one reference gene, 16S rRNA, 

amplified by PCR and NGS sequenced. Bacterial 

composition is obtained.. 

 In whole genome sequencing (WGS) the reads can be 

mapped to annotated genome sequences, bacterial 

composition and biological functions are obtained. 

 Alternatively, WGS reads can be assembled at large 

computational overheads which makes analysis more 

accurate. 

 Main programs: MG RAST, Megan, Mothur 
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