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Metagenomic	
  sequencing	
  projects	
  are	
  accumula=ng	
  abundance	
  data	
  for	
  microbial	
  organisms	
  in	
  a	
  wide	
  variety	
  of	
  environments,	
  including	
  the	
  human	
  body.	
  These	
  data	
  enable	
  ecological	
  
studies	
  of	
  microbiota	
  that	
  could	
  not	
  be	
  carried	
  out	
  previously.	
  In	
  macro-­‐ecological	
  data	
  sets,	
  non-­‐random	
  paSerns	
  of	
  species	
  distribu=ons	
  were	
  found	
  that	
  reflect	
  ecological	
  rela=onships,	
  
such	
  as	
  the	
  checkerboard	
  paSern,	
  which	
  indicates	
  compe==on	
  [1].	
  The	
  analysis	
  of	
  microbial	
  abundance	
  data	
  revealed	
  similar	
  non-­‐random	
  paSerns	
  for	
  microorganisms	
  [2].	
  	
  
Recently,	
  the	
  Human	
  Microbiome	
  Consor=um	
  [3]	
  has	
  compiled	
  a	
  massive	
  data	
  set	
  of	
  microbial	
  sequences	
  in	
  up	
  to	
  18	
  human	
  body	
  sites.	
  Here,	
  we	
  present	
  a	
  network	
  of	
  microbial	
  
rela=onships	
  built	
  from	
  the	
  16S	
  phylotype	
  data	
  of	
  the	
  Human	
  Microbiome	
  Project.	
  

To	
  infer	
  the	
  final	
  network,	
  we	
  merge	
  the	
  results	
  of	
  a	
  sparse	
  linear	
  regression	
  method	
  
(GBLM)	
  with	
  those	
  from	
  an	
  ensemble	
  of	
  distance	
  and	
  correla=on	
  measures	
  using	
  Fisher’s	
  
method.	
  We	
  then	
  compute	
  edge-­‐specific	
  p-­‐values	
  from	
  both	
  permuta=on	
  (for	
  the	
  null	
  
value)	
  and	
  bootstrap	
  distribu=ons.	
  For	
  the	
  permuta=on,	
  we	
  apply	
  a	
  novel	
  re-­‐
normaliza=on-­‐based	
  approach	
  that	
  we	
  observed	
  in	
  simula=ons	
  to	
  reduce	
  the	
  impact	
  of	
  
composi=onal	
  bias	
  [4].	
  	
  

We	
  have	
  inferred	
  and	
  analyzed	
  a	
  network	
  of	
  microbial	
  rela=onships,	
  where	
  posi=ve	
  edges	
  indicate	
  niche	
  sharing	
  or	
  mutualism	
  and	
  nega=ve	
  edges	
  membership	
  to	
  alterna=ve	
  
communi=es	
  or	
  successional	
  stages	
  or	
  compe==on.	
  	
  The	
  network	
  is	
  roughly	
  organized	
  into	
  body	
  areas	
  reflec=ng	
  different	
  microbial	
  niches	
  and	
  reproduces	
  a	
  number	
  of	
  known	
  microbial	
  
rela=onships	
  in	
  the	
  gut,	
  the	
  vagina	
  and	
  the	
  subgingival	
  dental	
  plaque.	
  We	
  an=cipate	
  that	
  more	
  detailed	
  community	
  structure	
  will	
  emerge	
  when	
  applying	
  our	
  methodology	
  to	
  data	
  sets	
  
that	
  allow	
  the	
  assignment	
  of	
  taxonomy	
  down	
  to	
  species	
  or	
  even	
  strain	
  level.	
  	
  

Body	
  site	
  and	
  class	
  rela=onship	
  networks.	
  The	
  edge	
  thickness	
  represents	
  the	
  
number	
  of	
  posi=ve	
  (green)	
  or	
  nega=ve	
  (red)	
  rela=onships	
  that	
  member	
  clades	
  of	
  the	
  
body	
  sites	
  or	
  classes	
  share.	
  Thus,	
  the	
  body	
  site	
  network	
  can	
  be	
  interpreted	
  to	
  group	
  
body	
  sites	
  into	
  different	
  microbial	
  habitat	
  types,	
  whereas	
  the	
  class	
  network	
  
highlights	
  nega=ve	
  (e.g.	
  Bacilli)	
  and	
  posi=ve	
  (e.g.	
  Spirochaetes)	
  hubs.	
  	
  

Network	
  analysis	
  results	
  

For	
  each	
  significant	
  pair	
  of	
  clades	
  we	
  
computed	
  phylogene=c	
  and	
  func=onal	
  
distance	
  in	
  terms	
  of	
  16S	
  dissimilarity	
  and	
  
number	
  of	
  shared	
  orthologous	
  gene	
  
families	
  respec=vely.	
  	
  
Clades	
  with	
  small	
  phylogene=c	
  and	
  
func=onal	
  distances	
  tend	
  to	
  be	
  posi=vely	
  
associated,	
  whereas	
  the	
  opposite	
  is	
  true	
  
for	
  clades	
  with	
  large	
  phylogene=c	
  and	
  
func=onal	
  distances.	
  Interes=ngly,	
  pairs	
  
whose	
  func=onal	
  distance	
  is	
  larger	
  than	
  
expected	
  from	
  their	
  phylogene=c	
  
distance	
  tend	
  to	
  form	
  posi=ve	
  
rela=onships.	
  

Sub-­‐networks	
  in	
  agreement	
  with	
  known	
  human	
  microbiology	
  

Lactobacillus

Ureaplasma
Actinobacteria

Actinobacteria

Firmicutes
Ureaplasma

Ureaplasma

FirmicutesBacteroidetes

Anaerococcus
Peptoniphilus

Dialister

Fusobacterium

Finegoldia

Anaerococcus

Firmicutes LactobacillusLactobacillus

highly abundant in vaginal communities I, II, 
III or V, less abundant in community IV 
vaginal community IV
vaginal community unknown

Faecalibacterium

Anaerovorax

Ruminococcus

Sporobacter

Bacteroidetes

Proteobacteria

BarnesiellaOscillibacter
Bacteroides

Firmicutes

Firmicutes
Bacteroidetes
other phyla

Subdoligranulum

Known	
  alterna=ve	
  community	
  
configura=ons	
  in	
  the	
  vagina	
  [5]	
  and	
  
successional	
  stages	
  in	
  the	
  subgingival	
  
dental	
  plaque	
  [6]	
  were	
  reproduced.	
  In	
  the	
  
gut,	
  we	
  found	
  nega=ve	
  rela=onships	
  
between	
  two	
  of	
  the	
  three	
  enterotype	
  [7]	
  
drivers	
  (Bacteroides	
  and	
  Ruminococcus)	
  
and	
  more	
  generally	
  between	
  
Bacteroidetes	
  and	
  Firmicutes	
  (e.g.	
  [8]).	
  

Gut	
  sub-­‐network	
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Nodes	
  in	
  the	
  predicted	
  network	
  represent	
  clades	
  (down	
  to	
  genus	
  
level)	
  and	
  arcs	
  rela=onships	
  between	
  them.	
  To	
  simplify	
  the	
  
network,	
  nodes	
  below	
  order	
  level	
  are	
  raised	
  to	
  order	
  level,	
  a	
  step	
  
that	
  merges	
  nodes	
  and	
  introduces	
  loops.	
  	
  The	
  network	
  has	
  a	
  
modular	
  organiza=on,	
  where	
  modules	
  correspond	
  roughly	
  to	
  body	
  
areas	
  such	
  as	
  the	
  vagina,	
  oral	
  cavity	
  and	
  skin.	
  

Vaginal	
  sub-­‐network	
  

Dental	
  plaque	
  
sub-­‐network	
  


