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  analysis	
  



Toward	
  a	
  comprehensive	
  bioinforma*c	
  workbench	
  for	
  the	
  
genomics	
  community	
  

MG-DNA Assembly  profile by phylogeny and 
function; Profile rRNA hits; Mapping to 
genomes; Characterize protein hits 

Compare datasets 
(communities and/or 
treatments) 

rRNA hits; map to 
genomes or to 
functions; count hits 
to gene/function; 

Sequence 
Data 

Survey
 

rRNA 
profiling 

MEGAN or 
NBC, 
Trees 



Community	
  Composi*on	
  Profiling	
  



16s	
  Based	
  Community	
  Composi*on	
  Profiling	
  

PCR	
  introduced	
  bias	
  
Access	
  to	
  the	
  DNA	
  (prepara*on	
  work)	
  

•  Phylochip	
  
–  Limited	
  by	
  probes	
  on	
  the	
  microarray	
  
–  Rela*ve	
  abundance	
  es*ma*on	
  

•  Pyrotags	
  (Pyrosequencing	
  PCR	
  amplified	
  16s	
  rRNA)	
  
–  Homopolymer	
  quality	
  issues	
  	
  
–  Shorter	
  reads:	
  targeted	
  variable	
  regions	
  

•  i-­‐tags	
  (Illumina	
  sequencing	
  PCR	
  amplified	
  16s	
  rRNA)	
  
–  hard	
  to	
  find	
  universally	
  conserved	
  flanking	
  region	
  immediately	
  adjacent	
  

to	
  phylogene*cally	
  informa*ve	
  variable	
  region	
  
–  region	
  of	
  high-­‐quality	
  sequence	
  is	
  very	
  short	
  (<76bp)	
  

•  reduced	
  phylogene*c	
  resolu*on	
  
•  more	
  dependent	
  	
  on	
  reference	
  16s	
  database	
  

Limita*ons:	
  	
  



Resources	
  in	
  16S	
  rRNA	
  sequence	
  analysis	
  
•  Various	
  16S	
  rRNA	
  databases	
  and	
  resources	
  available:	
  

–  RDPII	
  Project	
  
–  Greengenes	
  
–  SILVA	
  rRNA	
  database	
  project	
  

hZp://rdp.cme.msu.edu/	
  

hZp://greengenes.lbl.gov/cgi-­‐bin/nph-­‐index.cgi	
  hZp://www.arb-­‐silva.de/	
  



Overview	
  of	
  barcoded	
  pyrosequencing	
  workflow	
  for	
  rRNA-­‐based	
  community	
  composi=on	
  profiling	
  

Hamady	
  M,	
  Knight	
  R	
  Genome	
  Res.	
  2009;19:1141-­‐1152	
  
©2009	
  by	
  Cold	
  Spring	
  Harbor	
  Laboratory	
  Press	
  

Alignment	
  Clustering	
  

Trimming	
  

OTU	
  based	
   Tree	
  based	
  

K-­‐mer	
  based	
  

Homology	
  based	
  



Analysis	
  Toolbox	
  
K-­‐mer	
  based	
  approach	
  

–  NBC	
  
–  Markov	
  

OTU-­‐based	
  approach	
  
–  DOTUR:	
  	
  define	
  &	
  count	
  OUT	
  (distance	
  matrix	
  as	
  input)	
  

–  SONS:	
  	
  measuring	
  overlap	
  between	
  communi*es	
  (OTU	
  designa*on	
  as	
  
input	
  )	
  

–  Es*mate	
  S	
  -­‐	
  beta	
  diversity	
  index	
  (Need	
  abundance	
  file	
  for	
  each	
  OTU)	
  

Tree-­‐based	
  approach	
  
–  S-­‐LIBSHUFF	
   	
   	
  (distance	
  matrix	
  as	
  input)	
  

–  Treeclimber 	
   	
  (phylogene*c	
  tree	
  as	
  input)	
  

–  Unifrac	
   	
   	
   	
  (phylogene*c	
  tree	
  as	
  input)	
  

SA	
  Eichorst	
  

Patrick	
  Schloss’	
  Mothur	
  has	
  most	
  of	
  these	
  packages	
  



Comparing	
  community	
  memberships	
  and	
  structures	
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Patrick	
  Schloss’	
  Mothur	
  

hZp://www.mothur.org/	
  

K-­‐mer	
  

Silva	
  training	
  set	
  	
  

RDP	
  has	
  beZer	
  GUI	
  and	
  plug-­‐in	
  



RDP	
  Pyrosequencing	
  Pipeline	
  
hZp://pyro.cme.msu.edu/	
  

OUT	
  based	
   Tree	
  based	
  

Homology	
  based	
  

K-­‐mer	
  based	
  



RDP	
  	
  Pyrosequencing	
  Pipeline	
  

Pro:	
  
• Including	
  the	
  ini*al	
  process:	
  sor*ng,	
  trimming	
  tag	
  and	
  primers,	
  
removing	
  low	
  quality	
  
• Aligner	
  based	
  on	
  the	
  2nd	
  structure	
  (Nawrocki	
  &	
  Eddy,	
  2007)	
  
• Including	
  complete-­‐linkage	
  clustering,	
  formaZed	
  for	
  downstream	
  
analysis	
  
• Including	
  package	
  for	
  study	
  community	
  richness	
  &	
  diversity:	
  

• Genera*ng	
  Shannon/Chao1	
  
• Jaccard/sorensen	
  index	
  
• Rarefac*on	
  curve	
  

• Including	
  the	
  K-­‐mer	
  analysis:	
  NBC	
  and	
  library	
  comparison	
  

Con:	
  	
  
• Only	
  includes	
  "Bacteria"	
  and	
  "Archaea"	
  sequences,	
  no	
  Eukaryote	
  	
  
• No	
  oral	
  specific	
  training	
  set	
  	
  
• Library	
  comparison	
  only	
  handle	
  two	
  samples	
  at	
  a	
  *me	
  



K-­‐mer	
  based	
  NBC	
  and	
  LANL-­‐Markov	
  classifier	
  

	
  	
  	
  	
  *	
  No	
  mul=ple	
  sequence	
  alignment	
  required	
  

	
  	
  	
  	
  *	
  Provide	
  confidence	
  es*mates	
  for	
  each	
  assignment.	
  

	
  	
  	
  	
  *	
  Tested	
  on	
  the	
  leave-­‐one-­‐out	
  cross	
  valida*on	
  (LOOCV)	
  

	
  	
  	
  	
  *	
  Different	
  from	
  RDP	
  classifier,	
  our	
  Markov	
  classifier	
  assumes	
  a	
  
dependency	
  on	
  sequence	
  reads	
  

hZp://oralgen.lanl.gov/oralgen-­‐tng/missimp.html	
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Community	
  Composi*on	
  Profiling	
  



Template	
  
sequence(s)	
  

Metagenomics	
  	
  
Sample	
  sequences	
  

Sequence	
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(BLAST,	
  MUMmer)	
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  posi*on,	
  bp	
  

Id
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  %
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(reducer)	
  

R	
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Sequence recruitment---align metagenomic reads against reference 
genomes or genome fragments 

Read	
  based	
  approach:	
  Sequence	
  Recruitment	
  



•  Allow	
  mapping	
  of	
  reads/con*gs	
  to	
  known	
  references	
  
hZp://oralgen.lanl.gov/oralgen-­‐tng/FragRecruit.html	
  





HMP	
  reference	
  genomes:	
  a	
  star*ng	
  point	
  for	
  reconstruc*on	
  of	
  
microbial	
  genomes	
  from	
  metagenomic	
  sequences	
  



Read	
  based:	
  lowest	
  common	
  ancestor	
  	
  
vs	
  top	
  blast	
  approach	
  

Top	
  Blast	
  hit:	
  	
  
– The	
  poor	
  representa*on	
  of	
  microbial	
  diversity	
  by	
  sequenced	
  
isolates	
  	
  
– remote	
  matching	
  to	
  phylogene*cally	
  distant	
  organisms	
  or	
  
the	
  absence	
  of	
  any	
  hits.	
  

Such	
  as	
  MG-­‐RAST,	
  HOMD	
  

Lowest	
  common	
  ancestor:	
  
– All	
  reads	
  count	
  
– Trace	
  back	
  to	
  the	
  lowest	
  common	
  ancestor	
  of	
  the	
  set	
  of	
  taxa.	
  

Such	
  as	
  MEGAN,	
  AMPHORA	
  



Con*g/protein	
  based:	
  Automated	
  pipeline	
  for	
  phylogenomic	
  analysis	
  
(AMPHORA)	
  

Wu	
  et	
  al	
  2008	
  

Two	
  applica*ons:	
  

–  Build	
  a	
  genome	
  
tree	
  from	
  578	
  
complete	
  bacterial	
  
genomes	
  

–  Iden*fy	
  bacterial	
  
phylotypes	
  from	
  
metagenomic	
  data	
  



AMPHORA	
  Features	
  

•  Fully	
  Automated:	
  in	
  a	
  pipeline	
  
•  Can	
  be	
  used	
  for	
  phylogene*c	
  analyses	
  of	
  single	
  
gene	
  or	
  whole	
  microbiomes.	
  

•  31	
  pre-­‐build	
  phylogene*c	
  marker	
  genes	
  
– Most	
  are	
  single	
  copy	
  genes	
  within	
  each	
  genome	
  
– Housekeeping	
  genes	
  

•  Profile	
  HMM-­‐based	
  mul*ple	
  sequence	
  alignment	
  
– High	
  quality	
  alignment	
  according	
  to	
  seed	
  alignment	
  
– Reproducible	
  
–  Speed	
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Summary:	
  Community	
  Composi*on	
  Profiling	
  
Approaches	
  for	
  studying	
  the	
  community	
  composi*on	
  
•  Homology	
  based	
  

•  Lowest	
  common	
  ancestor	
  (MEGAN)	
  	
  
•  Top	
  blast	
  hits	
  (shotgun	
  reads,	
  16s)	
  
•  Phylogene*c	
  tree	
  (31	
  house	
  keeping	
  gene)	
  

•  K-­‐mer	
  character	
  based	
  
•  NBC	
  
•  Markov	
  

Input	
  data	
  used:	
  	
  
•  Targeted:	
  

•  16s	
  rRNA	
  reads	
  
•  Other	
  housekeeping	
  genes	
  

•  Random	
  shotgun	
  reads	
  



Combina*on	
  of	
  different	
  strategies	
  	
  

Top	
  blast	
  

Vs	
  16s	
  dbs 	
  	
  
Tree	
  based:	
  
Housekeeping	
  	
  
gene	
  	
  

LCA	
  
Top	
  Blast	
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Bins	
  are	
  sets	
  of	
  metagenomic	
  sequence	
  fragments	
  origina*ng	
  from	
  
one	
  phylogene*c	
  group,	
  preferably	
  from	
  the	
  same	
  species	
  



binning methods 

•  Binning methods developed can fall into 
two categories (biology perspective):	
  
o  similarity-based 	
  
o  composition-based	
  

•  From machine learning perspective, 
binning methods can also be divided into	
  
o  supervised learning 	
  
o  unsupervised learning	
  



Biology perspective 

•  similarity-based	
  
o  Assign metagenomic fragments to their closest 

phylogenetic neighbor based on coding-sequence 
identity.	
  

o  ex. BLAST, dotter	
  

•  composition-based	
  
o  Distinguish genomes from one another by 

intrinsic features of the sequence.	
  
o  ex. olionucleotide frequencies, GC content 



machine learning perspective 
•  Supervised learning 	
  

o  Methods that build a classifier using the 
knowledge of completed genomes	
  

o  (Chen et al., 2005 )Current amount of known 
genomes is insufficient to represent the 
almost limitless microbial. 	
  

•  unsupervised learning	
  
o  Do not have dependence on training data	
  
o  Directly clustering metagenomic samples	
  
o  Focuses on the long fosmid-sized fragments	
  



Binning methods matrix 
Composition-based Similarity-based 

supervised 

unsupervised 

BLAST	
  

TETRA,	
  2005	
  

PhyloPythia (IBM), 2007 
ClaMS 
MEGAN,	
  2007	
  

CompostBin,	
  2008	
  

Fuzzy	
  k-­‐means	
  
classifier,	
  2008	
  

GSOM,	
  2008	
  

S-­‐GSOM,	
  2008	
  

Naïve	
  Basin	
  
Classifier,	
  2008	
  

KL	
  Liu	
  	
  



Metagenome	
  Annota*on	
  
IMG/M-ER – the	
  combined	
  approach	
  of	
  BLASTX	
  similarity	
  search	
  

and	
  de	
  novo	
  gene	
  predic*on.	
   

•  80-­‐299	
  bp:	
  	
  
– Mul*BLASTx	
  against	
  IMG-­‐NR	
  	
  

–  All	
  frameshir	
  fragments	
  are	
  joined	
  arerwards.	
  	
  

•  300-­‐699	
  bp:	
  	
  
– Mul*BLASTx	
  >	
  GeneMark>	
  	
  Metagene.	
  	
  

•  >700	
  bp:	
  	
  
–  GeneMark>Metagene	
  

MG-RAST –read based only 
Top blastx hit to SEED (reference db) only 



The	
  Integrated	
  Microbial	
  Genomes	
  (IMG)	
  system	
  
hZp://img.jgi.doe.gov	
  



hZp://metagenomics.nmpdr.org/	
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