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Sequencing as a tool for 
microbial community analysis 
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ChocoPhlAn: Cataloging core and 
unique marker gene sequences 

•  IMG alone now contains ~3,100 bacterial genomes 
–  Plus ~100 archaeal, ~100 eukaryotic, and a few thousand viruses 
–  About half final and half draft 

•  These comprise 1,222 bacterial species 
–  652 genera, 278 families, 130 orders, 66 classes, 33 phyla 
–  2,383 total clades 

•  And roughly 12M genes 

•  These genes and genomes are a tremendous resource to: 
–  Identify unique markers that can be used to infer taxonomy 
–  Identify conserved markers that can be used to infer phylogeny 
–  Relate the microbial members of a community to their annotated 

metagenomic functional potential 
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MetaPhlAn: phylogenetically unique markers 
sequences for taxonomic profiling 
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Gene X 

X is a core gene for clade Y X is a unique marker gene for clade Y 



MetaPhlAn: phylogenetically unique markers 
sequences for taxonomic profiling 
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Gene X 

X is a core gene for clade Y X is a unique marker gene for clade Y 

•  ~2M total unique marker genes 
•  Validated by whole-genome BLAST, not just annotated genes 

•  ~400k most representative markers used for identification 
•  231±107 markers per species (350 fixed max) 
•  Only 12 species with <15 markers (9 of which are Brucella) 



MetaPhlAn: inferring microbial abundances 
from metagenomic data using marker genes 
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•  Map metagenomic reads to marker genes to infer 
microbial abundances 
–  Normalizing for copy number, gene length, etc. 

~1000x faster than previous approaches 
Hours instead of weeks for 

Illumina samples with 100Gbs of sequence 

http://huttenhower.sph.harvard.edu/metaphlan 



The HMP’s human microbiome at 
species-level resolution 
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http://hmpdacc.org/HMSMCP 



The HMP’s human microbiome at 
species-level resolution 

9 

http://hmpdacc.org/HMSMCP 

Watch for MetaPhlAn v2: 
Additional archaea, 

DNA/RNA viruses, and 
eukaryotic microbes. 



PhyloPhlAn: From markers for taxonomy 
to markers for phylogeny 
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•  Hundreds of unique markers per clade provide great 
taxonomic classification 

•  What if we use hundreds of conserved markers for 
phylogenetic classification? 

–  PhyloPhlAn identifies the most informative residues of the most conserved 400 proteins 
–  These can then be used for phylogenetic reconstruction, placement, and taxonomy 



PhyloPhlAn: From markers for taxonomy 
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PhyloPhlAn: for phyla to subspecies 
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PhyloPhlAn: for phyla to subspecies 
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PhyloPhlAn: for phyla to subspecies 
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PhyloPhlAn: Taxonomic curation and reannotation 
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PhyloPhlAn: Taxonomic curation and reannotation 
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-  Taxa with at least one 
‘unknown’ taxonomic 
level: 445 

-  Additional taxa we 
detected as 
suspicious: 111 

Example Very high 
confidence 

High 
confidence 

Medium 
confidence 

Corrected A|B|CàA|B|D 26 3 26 
Refined A|B|?àA|B|C 67 25 75 

Removed A|B|CàA|B|? 11 1 1 
Incomplete A|?|?àA|?|? 224 10 66 



PhyloPhlAn: Automatically assigning precise 
taxonomy using precise phylogeny 
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PhyloPhlAn: Automatically assigning precise 
taxonomy using precise phylogeny 
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http://huttenhower.sph.harvard.edu/graphlan 



HUMAnN: Metabolic profiling for 
microbial communities 

21 

Functional seq. 
KEGG + MetaCYC 

CAZy, TCDB, 
VFDB, MEROPS… 

100 subjects 
1-3 visits/subject 
~7 body sites/visit 

10-200M reads/sample 
100bp reads 

Metagenomic 
reads 

Enzymes and 
pathways 

? 

HUMAnN 
HMP Unified Metabolic 

Analysis Network 
http://huttenhower.sph.harvard.edu/humann 
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http://hmpdacc.org/HMSMCP 

The “core” human microbiome 
consists of genes, not bugs. 
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The “core” human microbiome 
consists of genes, not bugs. 
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í This is the “core” human microbiome,�
ë Not this. 

•  Over 2/3 of its genes are uncharacterized, 
more than almost any single bacterial genome 

•  We don’t know how its “cell types” communicate 
•  We don’t know their physical structure or lineages 



HPFS	  Pilot	  Project:	  Overview	  

0)	  Inves7gate	  links	  
between	  the	  
mouth	  and	  gut	  
microbiomes	  

1)	  Evaluate	  stability	  of	  
meta’omic	  samples	  

under	  subject-‐shipped	  
condi7ons	  

2)	  Relate	  the	  gut	  
metagenome	  and	  
metatranscriptome	  

With Jacques Izard, Andy Chan, Wendy Garrett 

Eric 
Franzosa 

Sequencing 



2)	  Rela7ng	  the	  gut	  metagenome	  and	  metatranscriptome	  

A	  large	  por7on	  of	  genes	  
(~50%)	  correlate	  well	  at	  the	  

DNA	  and	  RNA	  levels	  
	  

*Genes	  are	  KEGG	  
Orthogroups,	  KOs	  
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How consistent are the top ten... 

•  Microbial	  membership	  varies.	  
•  Early	  coloniza7on?	  Gene7cs?	  

•  Over	  7me,	  the	  community	  “solves”	  for	  a	  
habitat-‐specific	  metagenome.	  

•  It	  then	  differen7ally	  regulates	  that	  metagenome.	  
•  These	  two	  types	  of	  regula7on	  differ	  at	  least	  in	  7me	  scale.	  



PICRUSt: Inferring community metagenomic potential 
from marker gene sequencing 

27 Relative abundance 

Seq. genomes 

Reconstructed 
“genomes” 

Orthologous 
gene families 

Taxon 
abundances 

With Rob Knight, Rob Beiko 



PICRUSt: Inferring community metagenomic potential 
from marker gene sequencing 

28 Relative abundance 
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PICRUSt: Inferring community metagenomic potential 
from marker gene sequencing 
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Gene families in one 
HMP hard palate sample HMP stool sample 

With Rob Knight, Rob Beiko 

One can recover general 
community function with 

reasonable accuracy from 
16S profiles. 

 
http://picrust.github.com 



It’s not shotgun sequencing, 
but it’s not too shabby, either 
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PICRUSt (16S) 
Metagenome 



Ask both what you can do for your microbiome 
and what your microbiome can do for you 



Ramnik Xavier 
Harry Sokol 
Dan Knights 

Moran Yassour 

Thanks! 
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