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Metagenomics

 Rapidly emerging field of research for studying microbial communities without the 
need for isolation and lab cultivation of individual species.

  Term "metagenomics" was first coined by Jo Handelsman (U. of Wisconsin): "the 
application of modern genomics techniques to the study of complex communities of microbial 
organisms directly in their natural environments". 

 In complex environments where most species are not cultivable:
 Key questions: "Who's there?" and "What are they doing?" 
 Metagenomics aims to capture the full measure of microbial, and shed light on 

the biological processes present in the environment studied.

 Problem: 
Most of the tools & methods used to analyze metagenomic data sets are 

adapted from the ones developed for the analysis of single genomes.
The genetic & taxonomic complexity (genomes of multiple strains/species 

present in highly variable abundance) of metagenomic data sets imposes new 
challenges on existing analysis tools.

 New analysis tools and pipelines specifically dedicated to metagenomics sets is needed.



Genomics of the Human Colonic Microbiome



Genomics of the Human Colonic Microbiome

Sample (fecal), human subjects 7 and 8
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 Random Metagenomic Library PCR 16S   Library

Mechanical lysis 
(FastPrep beads)

Random sequencing
library in pHOS plasmid

vector

Nebulize DNA
size select (2-3 kb, 4-5 kb)

Sequencing, Assembly 
(Celera assembler)

Analysis

ORF identification
Blast alignment
Phylogenetic (Random 16S)
COGs
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Comparison between different pipelines for ORFs and 
functions predictions in metagenomic dataset

1. http://img.jgi.doe.gov/cgi-bin/pub/main.cgi , probably included only contigs for ORF prediction and analysis afterwards
* analysed in this study using ORFs predicted by Gill et al. 2006
2. Only ORFs in contig were annotated, % of all ORFs in contigs.
3. Calculated as ratio between length of all ORFs and sum of lengths of contig and singletons , for IMG/M calculated as length of ORFs/length of contig. 
For Gill et al. (2006) dataset, length of annotated ORFs/length of contigs and singletons
4. % of annotated ORFs



Gene Finder: MetaGene

 Exhaustive gene identification is a fundamental goal in all metagenomics 
projects. However, most metagenomic sequences are unassembled 
anonymous fragments, and conventional gene-finding methods require 
experimentally identified gene sequences (“training set”) and cannot be 
applied.

 MetaGene utilizes di-codon frequencies estimated by the GC content of a 
given sequence with other various measures. MetaGene can predict 
prokaryotic genes from genomic sequences of a few hundred bases, with a 
sensitivity of 95% and a specificity of 90%.

 MetaGene uses two sets of codon frequency interpolations, one for bacteria 
and one for archaea, and automatically selects the proper set for a given 
sequence using the domain classification. 



Comparison between different pipelines for ORFs and 
functions predictions in metagenomic dataset

1. http://img.jgi.doe.gov/cgi-bin/pub/main.cgi , probably included only contigs for ORF prediction and analysis afterwards
* analysed in this study using ORFs predicted by Gill et al. 2006
2. Only ORFs in contig were annotated, % of all ORFs in contigs.
3. Calculated as ratio between length of all ORFs and sum of lengths of contig and singletons , for IMG/M calculated as length of ORFs/length of contig. 
For Gill et al. (2006) dataset, length of annotated ORFs/length of contigs and singletons
4. % of annotated ORFs



Subject 8, partial ORFs
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Subejct 8, complete ORFs
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Subject 7, partial ORFs
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Subject 7, complete ORFs
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 Comparison of the length of the Metagene ORFs to their matching database sequences. 
Only the ORFs in contigs were compared.



MEGAN: MEtaGenome ANalizer

www-ab.informatik.uni-tuebingen.de/software/megan/welcome.html

 Allows the analysis of large metagenomic datasets:

 The set of DNA reads (or contigs) is compared against databases of known sequences 
using BLAST or other comparison tools.

 MEGAN is then used to compute and explore the taxonomical content of the dataset, 
employing the NCBI taxonomy. 

 Assignment of reads to Taxa: the taxonomical level of the assigned taxon reflects the level of 
conservation of the sampled sequence. 

 MEGAN allows dissection of large datasets without the need for assembly or the targeting of 
specific phylogenetic markers. It provides graphical and statistical output for the comparison of 
different data sets. 
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MEGAN analysis:
genus level
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 Taxonomic assignment of reads, ORFs and contigs from subject 7 and 8 into Bacterial and 
Archaeal divisions by BlastN and Megan analyses. 

Human Colonic Microbiome: Taxonomic Assignments



 Assignment of reads, ORFs and contigs from subject 7 and 8 into bacterial genera by BlastN 
and Megan analyses.

Human Colonic Microbiome: Taxonomic Assignments
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 Streptomyces
Anaeromyxobacter
 Burkholderia
 Geobacillus
 Syntrophomonas
 Mycoplasma
 Lactococcus
 Staphylococcus
 Symbiobacterium
 Treponema
 Listeria
 Bacteroides
 Thermoanaerobacter
 Fusobacterium
 Lactobacillus
 Enterococcus
 Bacillus
 Desulfitobacterium
 Streptococcus
 Bifidobacterium
 Clostridium

The “other” category includes genera which abundance was <1%.
The numbers above each bar shown total number of genera detected.

206 107 132 208 111 141



APIS

Rationale for APIS:

 Traditional taxonomy based on one gene - 16S rRNA.

 Sometimes other markers such as HSP70 used, and 
sometimes this conflicts with 16S.

 But systematic phylogeny of all proteins in genome 
individually not done -- would take too much manual effort.

 APIS makes this possible; it makes trees for each protein and  
summarizes results.

APIS - Jonathan Badger - jbadger@jcvi.org



APIS Outline

For each
query protein
in genome / 

metagenome:

ComboDB Query 
Protein

Homologs

+

BlastP

Alignment

NJ Tree

MUSCLE

QuickTree

3 homologs or more

APIS - Jonathan Badger - jbadger@jcvi.org



APIS - Jonathan Badger - jbadger@jcvi.org
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APIS - Jonathan Badger - jbadger@jcvi.org
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Comparative Protein Domain Analysis: DOMAINER

Elisabet Caler - Hernan Lorenzi  / JCVI Euk.  Annotation Group 



Species diversity vs. Functional diversity
between patients 7 & 8

Shared proteins 
identified by BlastP

96% 97%

4% / 3%

Shared protein domains identified  
by Comparative Domain Analysis

12% 12%88%

Shared genera

BlastN + MEGAN

12% 88% 
91% 9%

Subject 7

Subject 8



Comparative Protein Domain Analysis
Hypothesis:

Protein Domain <=> Function
Domain #7 #8
PF02518 ATPase, histidine kinase-, DNA gyrase B-, and HSP90-like domain protein 273 381

PF00528 ABC transporter, permease protein 293 299

PF01381 Helix-turn-helix 204 352

TIGR01494 ATPase, P-type (transporting), HAD superfamily, subfamily IC 265 216

PF01554 MatE 212 251

PF00512 His Kinase A (phosphoacceptor) domain 166 270

PF05738 Cna protein B-type domain 186 230

PF00486 Transcriptional regulatory protein, C terminal 134 220

TIGR00650 GTP-binding conserved hypothetical protein 159 170

PF00589 site-specific recombinase, phage integrase family 123 204

PF04055 radical SAM domain protein 130 180

PF00583 acetyltransferase, GNAT family 139 165

PF02687 efflux ABC transporter, permease protein 120 172

TIGR00231 small GTP-binding protein domain 142 147

PF08281 Sigma-70, region 4 116 154

PF01926 GTPase of unknown function 140 130

PF00271 Helicase conserved C-terminal domain 148 119

PF00702 haloacid dehalogenase-like hydrolase 132 128

✦ 88% of protein domains were present in both subjects, 
✦ Subject –specific protein domains were present in very low numbers (≤ 7 hits)
✦ The abundances of  shared protein domains were more or less similar between subjects
✦ Indicates a high functional similarity of gut microbiota in subjects



Human Colonic Microbiome: Transporter Analysis

Qinghu Ren & Ian Paulsen - TransportDB - http://172.17.110.151:81/transporter/wb/



Qinghu Ren & Ian Paulsen - TransportDB - http://172.17.110.151:81/transporter/wb/
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Taxonomic assignments of transporter proteins

 62% of the transporter proteins for subject 7 and 55% of the transporter proteins for 
subject 8 could be assigned at least at the Division level. 

 Transporter proteins originated most commonly from Bifidobacterium (35%) for 
Subject 7, and  Clostridium (26%) for subject 8
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