
Stephen	
  Nayfach	
  
iSEEM2	
  Call	
  

February	
  9,	
  2015	
  

Quan=fying	
  genomic	
  varia=on	
  of	
  
gut	
  microbiota	
  across	
  the	
  human	
  

popula=on	
  



Biological	
  Mo=va=on	
  

•  Evolu=onarily	
  similar	
  organisms	
  oDen	
  differ	
  in	
  their	
  gene	
  content	
  and	
  
ecology	
  

•  Unknown	
  how	
  genes	
  from	
  gut	
  microbiota	
  vary	
  in	
  copy	
  number	
  across	
  the	
  
human	
  popula=on	
  

•  Is	
  there	
  strain-­‐level	
  biogeography?	
  	
  

•  What	
  genes	
  are	
  essen=al	
  for	
  gut	
  microbiota?	
  Do	
  they	
  vary	
  across	
  species?	
  

•  How	
  stable	
  are	
  genomes	
  from	
  gut	
  microbiota?	
  Are	
  some	
  more	
  stable	
  than	
  
others?	
  

•  What	
  can	
  we	
  learn	
  by	
  studying	
  paQerns	
  of	
  co-­‐varia=on	
  across	
  genes?	
  	
  Are	
  
these	
  genes	
  acquired/lost	
  as	
  a	
  unit	
  via	
  HGT?	
  



Schloissnig	
  et	
  al.	
  (2013)	
  Nature	
  	
  

Strain-­‐level	
  diversity	
  of	
  Bacteroides	
  
vulgatus:	
  a	
  pilot	
  study	
  



Strain-­‐level	
  diversity	
  of	
  Bacteroides	
  
vulgatus:	
  a	
  pilot	
  study	
  

Select	
  samples	
  with	
  high	
  rela=ve	
  
abundance	
  of	
  Bacteroides	
  vulgatus	
  

Shotgun	
  metagenomes	
  	
  
from	
  gut	
  microbiome	
  

Es=mate	
  abundance	
  of	
  
bacterial	
  species	
  

20,000	
  reference	
  genomes	
  

Select	
  representa=ve	
  genome	
  for	
  
Bacteroides	
  vulgatus	
  

Map	
  paired	
  end	
  reads	
  with	
  bow=e2	
  

Es=mate	
  gene	
  copy	
  number	
  
varia=on	
  and	
  SNP	
  frequencies	
  



B.	
  vulgatus	
  ATCC	
  8482	
  genes	
  	
  
(N=4195;	
  ordered	
  by	
  genomic	
  posi=on)	
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Inter-­‐sample	
  gene	
  content	
  variability	
  of	
  Bacteroides	
  
vulgatus	
  

Frac=on	
  of	
  gene	
  covered	
  	
  



Developing	
  methods	
  to	
  scale	
  up	
  project	
  

•  Reference	
  genome	
  clustering	
  (i.e.	
  species	
  level	
  groups)	
  

•  Profiling	
  abundance	
  of	
  genome	
  clusters	
  in	
  metagenomes	
  

•  Mapping	
  reads	
  to	
  abundant	
  genome	
  clusters	
  

•  Es=ma=ng	
  copy	
  number	
  varia=on	
  of	
  pan-­‐genomes	
  



PhyEco	
  genome	
  clusters	
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•  Computed	
  pairwise	
  similarity	
  of	
  112	
  
Bacterial	
  PhyEco	
  marker	
  genes	
  across	
  
>18,000	
  high	
  quality	
  genomes	
  

•  Performed	
  average	
  linkage	
  clustering	
  for	
  
each	
  marker	
  genes	
  at	
  various	
  %ID	
  thresholds	
  

•  Evaluated	
  performance	
  against	
  ANI	
  (average	
  
nucleo=de	
  iden=ty)	
  	
  

•  Good	
  performance	
  for	
  a	
  subset	
  of	
  marker	
  
genes	
  at	
  ~96.5%ID	
  threshold	
  



PhyEco	
  genome	
  clusters	
  

•  Move	
  on,	
  or	
  publish	
  results	
  and	
  make	
  resource	
  available?	
  

•  Poten=al	
  items:	
  
•  Perpetually	
  updated	
  
•  Repeat	
  for	
  Archaea,	
  and	
  maybe	
  Fungi	
  
•  Webserver/Dp	
  site	
  





Overview	
  of	
  methods	
  

•  Used	
  genome	
  clusters	
  from	
  Schloissnig	
  et	
  al	
  2012	
  

•  Annotated	
  genes	
  with	
  KEGG	
  Orthology	
  database	
  

•  Mapped	
  reads	
  from	
  Qin	
  2010	
  (~100	
  samples)	
  to	
  70	
  
“detectable”	
  genome	
  clusters	
  

•  Es=mated	
  copy	
  number	
  coverage	
  normalizing	
  by	
  13	
  single	
  
copy	
  genes	
  









•  Generate	
  re-­‐usable	
  method	
  for	
  profiling	
  strain	
  level	
  varia=on	
  
•  Phyeco	
  genome	
  clusters	
  
•  Genome-­‐cluster	
  profile	
  
•  Mapping	
  reads	
  to	
  present	
  genome-­‐clusters	
  
•  Predict	
  CNVs	
  and	
  SNPs	
  
•  Build	
  SNP	
  and	
  CNV	
  trees	
  

	
  
•  Generate	
  data	
  resources	
  

•  Up-­‐to-­‐date	
  database	
  of	
  Phyeco	
  genome	
  clusters	
  
•  Iden=fy	
  “core”	
  genome	
  for	
  many	
  gut	
  species	
  
•  Co-­‐varia=on	
  of	
  genes	
  to	
  iden=fy	
  genomic	
  islands	
  

	
  
•  Improve	
  previous	
  analysis	
  

•  Way	
  more	
  reference	
  genomes	
  and	
  metagenomes	
  
•  Look	
  at	
  all	
  genes,	
  not	
  just	
  annotated	
  ones	
  (KEGG	
  Orthologs)	
  
•  Collect	
  more	
  informa=on	
  (SNPs,	
  phylogenies)	
  
•  More	
  careful	
  analysis	
  
	
  

•  Address	
  unanswered	
  biological	
  ques=ons	
  
•  Biogeography	
  of	
  strains	
  
•  Compara=ve	
  analysis	
  of	
  core	
  across	
  species	
  
•  Compare	
  gene	
  flux	
  across	
  species	
  
•  Co-­‐varia=on	
  of	
  genes	
  to	
  iden=fy	
  genomic	
  islands	
  

•  Perform	
  experimental	
  valida=on	
  
•  KO	
  core	
  genes?	
  

What	
  to	
  focus	
  on	
  moving	
  forward?	
  


