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Metagenomics	
  
Amplicon	
  Sequencing	
  –	
  focus	
  on	
  specific	
  marker	
  
genes	
  for	
  phylogene4c	
  iden4fica4on	
  only	
  (16S	
  
rRNA).	
  Further	
  markers	
  may	
  be	
  other	
  rRNA	
  genes,	
  
the	
  ITS	
  region,	
  RuBisCo,	
  mcrA	
  or	
  other	
  func4onal	
  
genes.	
  
	
  
Metagenome	
  Sequencing	
  –	
  offers	
  a	
  random	
  
representa4on	
  of	
  all	
  extracted	
  genomic	
  sequences,	
  
giving	
  insights	
  into	
  the	
  metabolic	
  profiles	
  of	
  these	
  
specific	
  communi4es.	
  

Applica2on	
  areas:	
  
•  Health	
  Industry,	
  metagenomic	
  pa>erns	
  as	
  

diagnos4c	
  markers	
  (e.g.	
  gut	
  metagenome,	
  skin	
  
surface,	
  stool,	
  invaded	
  4ssues,	
  etc.)	
  

•  Food	
  industry,	
  food	
  safety	
  
•  Agriculture	
  (soil,	
  rhizosphere	
  communi4es,	
  plant	
  

and	
  animal-­‐associated	
  surface	
  and	
  4ssue	
  
samples)	
  

•  Environmental	
  applica4ons,	
  bioremedia4ons	
  
(soil,	
  air,	
  water	
  samples)	
  

•  Wastewater	
  treatment	
  applica4ons	
  
•  Bioenergy	
  (e.g.	
  biogas	
  consor4a,	
  anaerobic	
  and	
  

aerobic	
  degrada4on	
  communi4es)	
  
h>p://www.seqomics.hu/en/contents/metagenomics	
  



Current	
  methods	
  

•  Web	
  applica4ons:	
  MG-­‐RAST,	
  EBI	
  metagenomics	
  service	
  

•  16S	
  rRNA-­‐based	
  methods:	
  DOTUR,	
  SONS,	
  LIBSHUFF,	
  UniFrac	
  

•  Combina4on	
  of	
  taxonomic	
  and	
  phylogene4c	
  data:	
  Qiime,	
  
PhyloPythia	
  

•  Heuris4c	
  similarity-­‐based	
  speedup	
  with	
  UCLUST	
  and	
  USEARCH:	
  
MetaGeniE	
  

•  Require	
  prior	
  knowledge	
  of	
  user	
  input	
  reference	
  sequences:	
  
SUPRI,	
  Readscan,	
  RINS	
  

•  Custom	
  validated	
  datasets:	
  Clinical	
  PathoScope,	
  Kraken,	
  
MetaPhlAn	
  



Intrigue	
  

•  Many	
  tools	
  are	
  limited	
  to	
  16S	
  rRNA	
  sequences	
  allowing	
  to	
  analyze	
  
only	
  prokaryo4c	
  sequences	
  or	
  skip	
  viruses	
  for	
  example	
  

•  Limita4on	
  of	
  all	
  taxonomic	
  and	
  func4onal	
  binning	
  tools	
  is	
  the	
  
analysis	
  dura4on	
  due	
  to	
  the	
  linear	
  correla4on	
  between	
  analysis	
  
4me	
  and	
  data	
  size	
  

•  Web-­‐applica4ons	
  not	
  suitable	
  for	
  confiden4al	
  diagnos4c	
  data	
  

•  Some	
  tools	
  are	
  centered	
  on	
  human	
  sample	
  analysis	
  

•  Genera4ng	
  a	
  comprehensive	
  and	
  clear	
  result	
  protocol	
  is	
  not	
  
always	
  the	
  case	
  



Aim	
  
•  Create	
  a	
  tool	
  that:	
  

ü  requires	
  informa4on	
  concerning	
  the	
  sample	
  origin	
  

ü  requires	
  no	
  specific	
  read	
  classifica4on	
  (host,	
  pathogen)	
  

ü  uses	
  unbiased	
  taxonomic	
  classifica4on	
  based	
  on	
  the	
  most	
  similar	
  
sequence	
  using	
  full	
  content	
  of	
  INSDC	
  databases	
  (DDBJ,	
  EMBL	
  ENA,	
  
NCBI	
  GenBank,	
  PDB)	
  

ü  is	
  able	
  to	
  switch	
  to	
  amino	
  acid	
  sequences	
  if	
  DNA	
  analysis	
  is	
  not	
  fully	
  
successful	
  

ü  creates	
  tabular	
  summary	
  of	
  the	
  classifica4ons	
  for	
  sorted	
  reads	
  	
  and	
  
addi4onal	
  informa4on	
  regarding	
  the	
  different	
  analyses	
  that	
  were	
  
carried	
  out	
  

	
  
•  RIEMS	
  (Reliable	
  Informa4on	
  Extractrion	
  from	
  Metagenomic	
  Sequence	
  
datasets)	
  pipeline	
  



Workflow	
  



Used	
  input	
  data	
  for	
  valida4on	
  
•  Two	
  genuine	
  454	
  sequencing	
  datasets	
  (13,816	
  and	
  247,833	
  reads)	
  	
  

•  ~90,000	
  simulated	
  reads	
  (with	
  length	
  distribu4ons	
  equal	
  to	
  those	
  from	
  454	
  
pyrosequencing)	
  from	
  overlapping	
  genome	
  fragments	
  of	
  11	
  species	
  
Ø  Eucaryotes	
  –	
  10,255;	
  Viruses	
  –	
  538;	
  Bacteria	
  –	
  79,592	
  

•  10,000,000	
  simulated	
  reads	
  (100	
  nt)	
  from	
  the	
  Clinical	
  PathoScope	
  project	
  represen4ng	
  
human,	
  bacterial,	
  and	
  viral	
  sequences	
  



Output	
  (1)	
  



Output	
  (2)	
  



Output	
  (3)	
  



RIEMS	
  with	
  their	
  simulated	
  data	
  



RIEMS	
  with	
  Clinical	
  PathoScope	
  data	
  



Analysis	
  dura4on	
  compared	
  to	
  BLAST	
  



RIEMS	
  vs	
  EBI	
  metagenomics	
  



RIEMS	
  vs	
  
MG-­‐RAST	
  



RIEMS	
  vs	
  locally	
  installed	
  pipelines	
  

Comparison	
  of	
  the	
  sensi2vi2es	
  of	
  RIEMS,	
  Clinical	
  
PathoScope,	
  Kraken,	
  and	
  Megablast	
  against	
  the	
  
MetaPhlAn	
  clade	
  specific	
  marker	
  database.	
  
	
  
The	
  plots	
  show	
  the	
  sensi4vi4es	
  calculated	
  from	
  the	
  read	
  to	
  
species	
  assignments	
  using	
  the	
  three	
  simulated	
  sample	
  
datasets.	
  (A)	
  Simulated	
  sample	
  comprising	
  90,385	
  reads	
  
represen4ng	
  original	
  sequences	
  derived	
  from	
  viral,	
  
bacterial,	
  and	
  eukaryo4c	
  genome	
  sequences.	
  (B)	
  The	
  same	
  
dataset	
  as	
  used	
  in	
  (A)	
  but	
  with	
  5	
  devia4ons	
  per	
  read.	
  (C)	
  

The	
  Clinical	
  PathoScope	
  simulated	
  sample	
  dataset.	
  

Specificity	
  almost	
  100%	
  for	
  all	
  methods!	
  



Speed	
  


