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Abstract	  
	  
Microbial	  community	  composi2ons	  vary	  between	  
individuals	  yet	  show	  commonali2es	  among	  disease	  
phenotypes.[1]	  Differences	  in	  the	  level	  of	  microbial	  
diversity	  are	  apparent	  when	  comparing	  disease	  
and	  non-‐disease	  states.[2]	  Understanding	  
these	  microbial	  community	  profiles,	  and	  having	  
the	  ability	  to	  compare	  an	  individual	  pa2ent’s	  
profile	  to	  others	  with	  similar	  profiles,	  can	  lead	  
to	  beFer	  understanding	  of	  a	  pa2ent’s	  condi2on.	  
The	  Visual	  Analy2cs	  group	  at	  the	  University	  of	  
Illinois,	  with	  input	  from	  Mayo’s	  Microbiome	  
Program	  researchers	  and	  clinicians,	  developed	  a	  
prototype	  visual	  analy2cs	  pipeline	  and	  repor2ng	  
tool	  that	  supports	  research	  and	  demonstrates	  
feasibility	  for	  future	  use	  in	  lab	  analysis	  and	  clinical	  
repor2ng.	  This	  prototype	  achieves	  the	  following:	  
	  
	  	  
A.	  Combines	  and	  transforms	  pa2ent	  
microbial	  and	  phenotypic	  data	  from	  mul2ple	  
studies	  to	  establish	  quality	  cohorts	  and	  
comparisons.	  

B.	  Provides	  query	  tools	  for	  building	  cohorts	  based	  
on	  phenotype	  informa2on.	  
	  
C.	  Executes	  comparison	  analysis	  between	  cohorts	  
and	  a	  single	  pa2ent	  and	  visualizes	  the	  differences	  
between	  their	  rela2ve	  abundance,	  alpha	  diversity	  
(evenness	  and	  richness)	  and	  beta	  diversi2es	  at	  
mul2ple	  levels	  of	  detail	  can	  be	  deduced	  from	  the	  
visualiza2ons.	  	  
	  
D.	  Important	  OTUs	  that	  differen2ate	  cohorts	  are	  
determined	  using	  the	  Random	  Forest	  algorithmic	  
approach	  that	  handles	  small	  sample	  sizes.[3]	  
	  
E.	  Mul2ple	  techniques	  for	  presen2ng	  these	  
results	  are	  provided,	  including	  mapping	  
informa2on	  onto	  an	  interac2ve	  phylogene2c	  tree	  
to	  iden2fy	  specific	  branches	  of	  relevance.	  
	  
F.	  Provides	  methods	  for	  indica2ng	  pathogenic	  
microbes,	  as	  well	  as	  ac2onable	  single-‐species	  and	  
complex	  biomarkers.	  
	  
This	  system	  acts	  as	  both	  a	  tool	  for	  research,	  
providing	  powerful	  analy2cs	  to	  study	  the	  
underlying	  mechanisms	  of	  disease,	  as	  well	  as	  a	  
visual	  tool	  for	  clinicians	  and	  pa2ents	  to	  appreciate	  
and	  comprehend	  the	  clues	  that	  their	  microbiome	  
provides	  in	  understanding	  their	  health.	  This	  
prototype	  helps	  doctors	  envision	  how	  future	  
discoveries	  can	  be	  easily	  reported	  for	  clinical	  use.	  
Sequences	  from	  mul2ple	  studies	  were	  used	  as	  an	  
example	  and	  reprocessed	  together	  using	  IM-‐
TORNADO[4].	  In	  this	  poster	  we	  illustrate	  our	  design	  
approach[5,6]	  and	  describe	  our	  solu2ons.	  
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Phylogene2c	  Tree	  Explorer	  
It	  is	  valuable	  for	  researchers	  to	  understand	  rela2ve	  
abundance	  and	  important	  OTUs	  in	  the	  context	  of	  the	  
phylogene2c	  tree.	  This	  makes	  it	  easier	  to	  iden2fy	  
specific	  branches	  that	  show	  microbial	  imbalance,	  or	  
include	  discrimina2ng	  OTUs.	  In	  this	  view,	  branches	  can	  
be	  clicked	  on	  and	  off	  to	  display	  levels	  within	  the	  tree.	  
Each	  color	  band	  represents	  the	  rela2ve	  abundance	  for	  
each	  cohort	  (tan:	  healthy,	  blue:	  C.	  diff	  pa2ents,	  green:	  
single	  C.	  diff	  pa2ent)	  for	  easy	  comparison.	  A	  table	  is	  
provided	  at	  the	  species	  level.	  For	  example,	  in	  the	  tree	  
view	  to	  the	  lep,	  braches	  are	  expanded	  that	  contain	  
significant	  quan22es	  of	  top	  OTU’s	  (indicated	  with	  red	  
dots).	  In	  the	  other	  tree	  view,	  branches	  illustra2ng	  
drama2c	  differences	  between	  the	  single	  pa2ent	  and	  
the	  cohorts	  are	  expanded.	  

Rela2ve	  Abundance	  
Rela2ve	  abundance	  is	  the	  percent	  composi2on	  of	  an	  organism	  of	  
a	  par2cular	  kind	  rela-ve	  to	  the	  total	  number	  of	  organisms	  in	  the	  
pa2ent’s	  sample.	  These	  are	  calculated	  at	  all	  levels	  of	  the	  
phylogene2c	  tree	  so	  that	  the	  microbial	  community	  can	  be	  
characterized	  at	  various	  levels	  of	  detail.	  When	  describing	  the	  
rela2ve	  abundance	  of	  an	  en2re	  cohort,	  an	  average	  for	  the	  group	  
is	  used.	  This	  single	  value	  can	  be	  misleading	  if	  people	  within	  the	  
cohort	  vary	  significantly.	  To	  help	  elevate	  misunderstanding,	  we	  
show	  the	  distribu2on	  of	  the	  en2re	  group,	  and	  place	  a	  ver2cal	  
green	  line	  indica2ng	  where	  the	  specific	  pa2ent	  falls.	  An	  
interac2ve	  radar	  graph	  is	  used	  to	  compare	  phyla	  of	  interest,	  
visually	  overlapping	  both	  cohorts	  and	  the	  single	  pa2ent.	  

Cohorts	  and	  Important	  OTUs	  
The	  researcher,	  or	  the	  lab	  analyst,	  creates	  cohorts	  using	  
phenotype	  informa2on.	  These	  cohorts	  are	  characterized	  
by	  calcula2ng	  rela2ve	  abundance	  and	  diversity	  of	  the	  
microbial	  community	  at	  all	  levels	  of	  the	  phylogene2c	  tree.	  
Compara2ve	  analysis	  is	  executed	  using	  the	  
computa2onally	  intensive	  Random	  Forest	  algorithmic	  
approach	  to	  iden2fy	  discrimina2ng	  microbes	  (microbial	  
OTUs)	  between	  two	  cohorts	  -‐	  typically	  a	  “healthy”	  cohort	  
to	  a	  phenotype	  of	  interest.	  These	  important	  OTUs	  are	  
indicated	  with	  red	  dots	  throughout	  the	  visualiza2ons	  so	  
researchers	  can	  study	  poten2al	  mechanisms	  that	  describe	  
a	  phenotype.	  A	  single	  pa2ent	  can	  be	  compared	  to	  two	  
cohorts	  helping	  the	  clinician	  and	  pa2ent	  understand	  their	  
microbiome	  within	  the	  context	  of	  others.	  In	  these	  
examples,	  the	  tan	  cohort	  consists	  of	  healthy	  pa2ents,	  the	  
blue	  cohort	  consists	  of	  pa2ents	  with	  C.	  diff	  infec2ons,	  and	  
the	  green	  represents	  a	  single	  C.	  diff	  pa2ent.	  

Repor2ng	  
These	  images	  show	  hypothe2cal	  reports	  illustra2ng	  concepts	  
for	  how	  microbiome	  data	  might	  be	  used	  in	  a	  clinical	  segng	  in	  
the	  future.	  In	  addi2on	  to	  characterizing	  the	  pa2ent’s	  
microbiome	  in	  the	  context	  of	  cohorts,	  aFempts	  are	  made	  to	  
show	  how	  bacteria	  of	  known	  clinical	  relevance	  might	  be	  
included,	  as	  well	  as	  biomarker	  signatures	  that	  explain	  a	  
phenotype	  of	  clinical	  relevance.	  Our	  design	  approach	  focuses	  
on	  providing	  the	  informa2on	  at	  a	  summary	  level	  on	  the	  first	  
page.	  Here,	  a	  short	  descrip2on,	  brief	  lab	  interpreta2on	  and	  
possible	  ac2ons	  are	  provided.	  Then	  more	  detail,	  evidence	  and	  
cita2ons	  are	  provided	  on	  subsequent	  pages.	  
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Diversity	  
Richness	  is	  a	  func2on	  of	  how	  many	  unique	  species	  of	  bacteria	  are	  in	  a	  
sample.	  The	  metric	  used	  is	  the	  number	  of	  unique	  Organiza2onal	  
Taxonomic	  Units	  (OTUs)	  in	  a	  sample.	  OTUs	  are	  roughly	  defined	  as	  groups	  
of	  r16s	  gene2c	  sequences	  that	  are	  97%	  similar.	  OTUs	  that	  are	  97%	  similar	  
to	  a	  known	  species	  of	  bacteria	  are	  considered	  to	  be	  of	  that	  species,	  with	  
lower	  thresholds	  of	  similarity	  needed	  to	  classify	  Genus,	  Family,	  etc.	  when	  
a	  Species	  match	  is	  not	  found.	  In	  the	  case	  of	  Phyla,	  the	  Richness	  is	  the	  
number	  of	  unique	  OTUs	  that	  have	  been	  classified	  as	  being	  part	  of	  that	  
Phylum	  (and	  the	  OTU	  has	  a	  non-‐zero	  abundance	  in	  the	  par2cular	  sample).	  
	  
Evenness	  indicates	  if	  the	  species	  that	  are	  present	  have	  similar	  levels	  of	  
abundance	  in	  a	  sample,	  or	  if	  a	  small	  number	  of	  species	  dominate	  the	  
popula2on.	  A	  low	  Evenness	  score	  presumably	  means	  that	  some	  kind	  of	  
selec2ve	  pressure	  exists	  that	  benefits	  a	  small	  number	  of	  species.	  A	  high	  
Evenness	  score	  likely	  indicates	  that	  either	  1)	  the	  distribu2on	  of	  species	  is	  
fairly	  random,	  with	  liFle	  selec2ve	  pressures	  to	  prefer	  one	  species	  over	  
another,	  or	  2)	  some	  kind	  of	  feedback	  system	  exists	  that	  keeps	  the	  
popula2on	  balanced.	  The	  implica2on	  is	  that	  a	  low	  Evenness	  score	  is	  
evidence	  of	  strong	  selec2ve	  pressures	  benefi2ng	  a	  small	  number	  of	  
species,	  but	  a	  high	  Evenness	  score	  provides	  liFle	  evidence	  to	  indicate	  if	  
there	  are	  strong	  selec2ve	  pressures	  or	  randomness	  at	  work.	  
	  


