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•  Website:	
  h:p://microbiomedb.org/	
  
•  Provides	
  a	
  plaForm	
  for	
  integraHng,	
  mining	
  and	
  
analyzing	
  microbiome	
  data	
  	
  

•  The	
  plaForm	
  allows	
  exploring	
  data	
  based	
  on	
  
sample	
  details	
  to	
  examine	
  the	
  microbial	
  
community	
  diversity:	
  
–  	
  Which	
  sites	
  show	
  the	
  lowest	
  alpha	
  diversity	
  across	
  
the	
  human	
  body?	
  

– How	
  does	
  community	
  composiHon	
  in	
  the	
  gut	
  change	
  
with	
  age?	
  



Microbiome	
  Data	
  

•  Microbial	
  census	
  data	
  contains	
  around	
  14,000	
  
samples	
  collected	
  from	
  human,	
  animal	
  and	
  
environmental	
  sources	
  provided	
  by	
  mulHple	
  
invesHgators	
  

•  Over	
  9,000	
  samples	
  from	
  healthy	
  human	
  
subjects	
  in	
  the	
  Human	
  Microbiome	
  Project	
  
(h:p://portal.ihmpdcc.org/)	
  

•  Minimum	
  InformaHon	
  about	
  any	
  (x)	
  Sequence	
  
(MIxS)	
  is	
  used	
  to	
  guide	
  the	
  data	
  collecHon	
  



MIxS	
  checklist	
  
15	
  environmental	
  packages	
  

MIxS	
  sequencing	
  checklist	
  

Minimal	
  informaHon	
  required	
  
to	
  collect	
  for	
  a	
  sequencing	
  assay	
  

Cover	
  over	
  400	
  different	
  
kinds	
  of	
  data	
  that	
  can	
  be	
  
collected	
  associated	
  with	
  
samples	
  used	
  for	
  sequencing	
  



Issues	
  Using	
  MIxS	
  Checklist	
  In	
  
Data	
  IntegraHon	
  and	
  ExploraHon	
  

•  Not	
  good	
  enough	
  as	
  consistent	
  representaHon	
  
–  Ambiguous	
  use	
  in	
  data	
  collecHon	
  

•  MIxS:	
  sample	
  collecHon	
  device	
  or	
  method	
  
•  human-­‐associated:	
  urine/collecHon	
  method	
  

–  No	
  guide	
  on	
  what	
  terms	
  should	
  be	
  used	
  for	
  a	
  specific	
  data	
  type	
  to	
  
collect	
  
•  Host	
  body	
  site:	
  name	
  of	
  body	
  site	
  where	
  the	
  sample	
  was	
  obtained	
  from	
  

–  Free	
  text?	
  
–  Controlled	
  vocabulary?	
  
–  Ontology	
  term?	
  UBERON	
  anatomical	
  

•  Host	
  body	
  site,	
  host	
  body	
  product,	
  host	
  body	
  habitat	
  (tongue,	
  feces,	
  oral	
  
cavity)	
  

–  Does	
  not	
  cover	
  all	
  the	
  various	
  data	
  collected	
  by	
  invesHgators	
  
•  Cannot	
  use	
  for	
  data	
  exploraHon	
  

–  Checklist,	
  no	
  hierarchy	
  
	
  



Sample	
  Details	
  of	
  Microbiome	
  Data	
  

– 6	
  data	
  sets	
  
– Around	
  100	
  different	
  kinds	
  of	
  sample	
  details	
  
collected	
  

– Most	
  sample	
  details	
  collected	
  not	
  in	
  MIxS	
  
checklist	
  
•  Baby’s	
  delivery	
  mode	
  
•  Child’s	
  diet	
  
•  Number	
  of	
  child	
  occupants	
  

	
  



Ontology	
  ApplicaHon	
  to	
  Data	
  
IntegraHon	
  

•  Mapping	
  sample	
  details	
  (including	
  part	
  of	
  MIxS	
  
checklist)	
  to	
  OBO	
  Foundry	
  ontologies	
  
–  Sequence	
  Ontology	
  (SO)	
  
–  Ontology	
  for	
  Biomedical	
  InvesHgaHons	
  (OBI)	
  	
  
–  Environmental	
  Ontology	
  (EnVO)	
  	
  
–  InformaHon	
  ArHfact	
  Ontology	
  (IAO)	
  	
  
–  Phenotype	
  qualiHes	
  (PATO)	
  	
  
–  Ontology	
  for	
  General	
  Medical	
  Science	
  (OGMS)	
  	
  
–  Uberon	
  mulH-­‐species	
  anatomy	
  ontology	
  (UBERON)	
  	
  
–  Units	
  of	
  measurement	
  (UO)	
  
–  Eagle-­‐I	
  Resource	
  Ontology	
  (ERO)	
  
–  Gaze:eer	
  (GAZ)	
  

	
  



EuPath	
  Ontology	
  
•  The	
  EuPath	
  ontology	
  is	
  an	
  applicaHon	
  ontology	
  
developed	
  to	
  support	
  annotaHon	
  of	
  EukaryoHc	
  
Pathogen	
  Database	
  (h:p://eupathdb.org).	
  

•  The	
  EuPath	
  ontology	
  was	
  built	
  based	
  on	
  the	
  
Ontology	
  Biomedical	
  InvesHgaHons	
  (OBI).	
  	
  

•  It	
  uses	
  the	
  Basic	
  Formal	
  Ontology	
  (BFO)	
  as	
  its	
  
upper	
  level	
  ontology.	
  

•  It	
  imports	
  terms	
  from	
  other	
  OBO	
  ontologies	
  such	
  
as	
  PATO,	
  OGMS,	
  DO,	
  etc.	
  when	
  needed.	
  

•  It	
  contains	
  all	
  ontology	
  terms	
  needed	
  for	
  
Microbiome	
  data	
  annotaHons	
  



Organize	
  Sample	
  Details	
  for	
  
Data	
  ExploraHon	
  Based	
  on	
  Ontology	
  

Sample	
  Source	
  
InformaHon	
  

Sample	
  
InformaHon	
  

Sequencing	
  
Assay	
  

Study	
  
Summary	
  

Microbe	
  

Host	
  organism	
  or	
  
Environment	
  

(Sample	
  Source)	
  
Specimen	
  

Specimen	
  
collecHon	
  

is	
  input	
  of	
  

has	
  output	
  

Sequencing	
  
Assay	
  

InvesHgaHon	
  

Data	
  item	
  

is	
  input	
  of	
  

has	
  output	
  

Is	
  about	
  

material	
  enHty	
  

process	
  

ICE	
  



Rearrange	
  sample	
  
details	
  based	
  on	
  
ontological	
  model	
  
to	
  guide	
  search	
  	
  



Using	
  Sample	
  Details	
  To	
  	
  
Explore	
  and	
  Analyze	
  Microbiome	
  Data	
  

baby's	
  delivery	
  mode	
  is	
  
"Cesarean",	
  "Vaginal"	
  age	
  in	
  
days	
  is	
  between	
  30	
  and	
  60	
  
anHbioHc	
  exposure	
  is	
  "No"	
  
sample	
  type	
  is	
  "Stool	
  in	
  
stabilizaHon	
  buffer"	
  

What	
  is	
  the	
  impact	
  of	
  delivery	
  mode	
  and	
  diet	
  on	
  the	
  infant	
  gut	
  microbiome?	
  



Using	
  Sample	
  Details	
  To	
  	
  
Explore	
  and	
  Analyze	
  Microbiome	
  Data	
  

What	
  is	
  the	
  impact	
  of	
  delivery	
  mode	
  and	
  diet	
  on	
  the	
  infant	
  gut	
  microbiome?	
  



EuPath	
  Ontology	
  Terms	
  
Submi:ed	
  to	
  OBO	
  Foundry	
  Ontologies	
  
•  Farm	
  to	
  fork	
  food	
  ontology	
  (FOODON)	
  
– diet	
  
–  feeding	
  	
  

h:ps://github.com/FoodOntology/foodon/issues/28	
  	
  	
  
•  Ontology	
  of	
  Medically	
  Related	
  Social	
  EnHHes	
  
(OMRSE)	
  
–  family	
  idenHfier	
  
– human	
  traveling	
  informaHon	
  

h:ps://github.com/uimi/OMRSE/issues/62	
  	
  



•  Aim:	
  ontologically	
  represent	
  various	
  enHHes	
  and	
  relaHons	
  
related	
  to	
  microbiomes,	
  microbiome	
  host	
  organisms	
  
(e.g.,	
  human	
  and	
  mouse),	
  and	
  the	
  interacHons	
  between	
  
the	
  hosts	
  and	
  microbiomes	
  at	
  different	
  condiHons.	
  

•  Developed	
  based	
  on	
  OBO	
  principles.	
  
•  OHMI	
  Github	
  site:	
  
h:ps://github.com/OHMI-­‐ontology	
  	
  

•  OHMI	
  is	
  available	
  on:	
  
	
   	
  :	
  h:p://www.ontobee.org/ontology/ohmi	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  h:p://bioportal.bioontology.org/ontologies/OHMI	
  	
  

	
  

OHMI:	
  The	
  Ontology	
  of	
  Host-­‐
Microbiome	
  InteracHons	
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OHMI	
  
•  600	
  Classes	
  

–  279	
  OHMI	
  classes	
  
–  321	
  imported	
  classes	
  (240	
  are	
  NCBITaxon)	
  

•  Host-­‐microbiome	
  interacHon	
  model	
  

host-­‐microbiome	
  interacHon	
  
is_a	
  biological_process	
  

microbiome	
  

process	
  

role,	
  quality	
  
disposiHon	
  

material	
  enHty	
  

organism	
  

host	
  role	
  

disease	
  

anatomical	
  
enHty	
  

has	
  par8cipant	
   has	
  par8cipant	
  

has	
  role	
  

has	
  disease	
  

part	
  of	
  

occurs	
  in	
  



Use	
  of	
  OHMI	
  in	
  MicrobiomeDB	
  	
  

•  Data	
  annotaHon	
  
•  Microbiome	
  diversity	
  in	
  different	
  condiHons	
  
– Sample	
  details	
  ontology	
  term	
  enrichment	
  analysis	
  

•  Microbiome	
  diversity	
  
–  Apply	
  OHMI	
  to	
  relate	
  microbiome	
  diversity	
  to	
  

host	
  disease	
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