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At	  the	  heart	  of	  Linked	  Data	  for	  the	  Life	  Sciences	  

•  Free	  and	  open	  source	  
•  Uses	  Seman9c	  Web	  standards	  
•  Release	  2	  (Jan	  2013):	  1B+	  interlinked	  

statements	  from	  19	  conven9onal	  and	  high	  
value	  datasets	  

•  Provenance,	  sta9s9cs	  
•  Partnerships	  with	  EBI,	  NCBI,	  DBCLS,	  NCBO,	  

OpenPHACTS,	  and	  commercial	  tool	  providers	  

chemicals/drugs/formula9ons,	  genomes/
genes/proteins,	  domains	  
Interac9ons,	  complexes	  &	  pathways	  
animal	  models	  and	  phenotypes	  
Disease,	  gene9c	  markers,	  treatments	  
Terminologies	  &	  publica9ons	  
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Gene	  World	  

•  Goal:	  to	  establish	  a	  Bio2RDF-‐based	  life	  science	  
dataset	  for	  evalua9on	  of	  large	  instance-‐based	  
reasoners	  

•  Approach:	  select	  a	  medium-‐size,	  well	  
annotated	  dataset	  with	  links	  to	  rich	  
ontologies.	  Augment	  with	  disjunc9on	  and	  
provide	  mappings	  to	  richer	  upper	  level	  
ontologies.	  Provide	  sample	  queries.	  
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Gene	  World	  :	  Data	  
•  NCBI	  Gene:	  database	  of	  genes	  including	  names,	  reference	  

sequences,	  variants,	  phenotypes,	  pathways	  and	  cross-‐references	  to	  
related	  resources.	  	  
–  394,026,267	  triples	  
–  12,543,449	  unique	  subjects	  
–  60	  unique	  predicates	  
–  121,538,103	  unique	  objects	  

•  HomoloGene:	  database	  of	  homologous	  groups,	  including	  
paralogous	  and	  orthologous,	  genes	  from	  a	  set	  of	  21	  completely	  
sequenced	  eukaryo9c	  genomes.	  	  
–  1,281,881	  triples	  	  
–  43,605	  unique	  subjects	  
–  17	  unique	  predicates	  	  
–  1,011,783	  unique	  objects	  
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Gene	  World	  :	  Ontologies	  
•  Gene	  Ontology	  (GO)	  	  

–  Ontology	  for	  annota9ng	  gene	  products.	  Consist	  of	  three	  main	  
branches:	  molecular	  func9on,	  biological	  process	  and	  cellular	  
component	  

–  34k	  classes,	  6	  object	  proper9es,	  63k	  subclass	  axioms	  
•  Evidence	  Code	  Ontology	  (ECO)	  

–  Ontology	  for	  capturing	  the	  source	  of	  evidence	  used	  for	  the	  GO	  
annota9on	  

–  297	  classes,	  2	  object	  proper9es,	  453	  subclass	  axioms	  
•  NCBI	  Taxonomy	  (TAXON)	  

–  Ontology	  of	  species;	  widely	  used,	  excludes	  anything	  that	  we	  
don’t	  have	  a	  sequence	  for.	  

–  1M	  classes,	  15	  object	  proper9es,	  1M	  subclass	  axioms	  
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Gene	  World	  :	  Mappings	  
•  The	  Seman9cscience	  Integrated	  Ontology	  (SIO)	  is	  a	  simple	  upper	  

level	  descrip9on	  of	  arbitrary	  (real,	  hypothesized,	  virtual,	  fic9onal)	  
objects,	  processes	  and	  their	  aiributes	  
–  1385	  classes,	  201	  object	  proper9es	  and	  1	  datatype	  property.	  -‐	  SRIQ(D)	  
–  basic	  design	  paierns	  to	  describe	  and	  associate	  quali9es,	  capabili9es,	  

func9ons,	  quan99es,	  and	  informa9onal	  en99es	  including	  textual,	  
geometrical,	  and	  mathema9cal	  en99es,	  and	  provides	  specific	  extensions	  
in	  the	  domains	  of	  chemistry,	  biology,	  biochemistry,	  and	  bioinforma9cs.	  	  

–  Mapped	  types	  and	  rela9ons	  to	  19	  Bio2RDF	  datasets	  and	  700+	  SADI	  
seman9c	  web	  services	  

•  the	  Sequence	  Ontology	  (SO)	  provides	  vocabulary	  for	  the	  physical	  
aiributes	  of	  biological	  sequences	  (i.e.	  binding	  sites,	  exons)	  and	  the	  
processes	  in	  which	  biological	  sequences	  may	  be	  involved	  in	  	  
–  2151	  classes,	  74	  object	  proper9es;	  SHI	  
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SRIQ(D)	  
10700+	  axioms	  
1300+	  classes	  
201	  object	  proper9es	  (inc.	  inverses)	  
1	  datatype	  property	  



uniprot:P05067	  

uniprot:Protein	  

is	  a	  

sio:gene	  

is	  a	   is	  a	  

Seman5c	  data	  integra5on,	  consistency	  checking	  and	  
query	  answering	  over	  Bio2RDF	  with	  the	  	  

Seman5cscience	  Integrated	  Ontology	  (SIO)	  

dataset	  

ontology	  

Knowledge	  Base	  
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pharmgkb:PA30917	  

refseq:Protein	  

is	  a	  

is	  a	  

omim:189931	  

omim:Gene	   pharmgkb:Gene	  

Querying	  Bio2RDF	  Linked	  Open	  Data	  with	  a	  Global	  Schema.	  Alison	  Callahan,	  José	  Cruz-‐Toledo	  and	  
Michel	  Dumon9er.	  Bio-‐ontologies	  2012.	  
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Gene	  World	  :	  Mappings	  
•  The	  Seman9cscience	  Integrated	  Ontology	  (SIO)	  is	  a	  simple	  upper	  

level	  descrip9on	  of	  arbitrary	  (real,	  hypothesized,	  virtual,	  fic9onal)	  
objects,	  processes	  and	  their	  aiributes	  
–  1385	  classes,	  201	  object	  proper9es	  and	  1	  datatype	  property.	  -‐	  SRIQ(D)	  
–  basic	  design	  paierns	  to	  describe	  and	  associate	  quali9es,	  capabili9es,	  

func9ons,	  quan99es,	  and	  informa9onal	  en99es	  including	  textual,	  
geometrical,	  and	  mathema9cal	  en99es,	  and	  provides	  specific	  extensions	  
in	  the	  domains	  of	  chemistry,	  biology,	  biochemistry,	  and	  bioinforma9cs.	  	  

–  Mapped	  types	  and	  rela9ons	  to	  19	  Bio2RDF	  datasets	  and	  700+	  SADI	  
seman9c	  web	  services	  

•  the	  Sequence	  Ontology	  (SO)	  provides	  vocabulary	  for	  the	  physical	  
aiributes	  of	  biological	  sequences	  (i.e.	  binding	  sites,	  exons)	  and	  the	  
processes	  in	  which	  biological	  sequences	  may	  be	  involved	  in	  	  
–  2151	  classes,	  74	  object	  proper9es;	  SHI	  
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DL	  Queries	  
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Q4:	  retrieve	  genes	  that	  are	  annotated	  with	  a	  specific	  enzyma9c	  func9on:	  	  
DL	  query:	  	  
gene	  that	  ‘has	  func9on’	  some	  ‘acetylglucosaminyltransferase	  ac9vity	  [go:	  0008375]’	  	  
-‐>	  subclass	  reasoning	  over	  SIO	  mappings	  and	  GO	  

Q6:	  retrieve	  organisms	  that	  have	  genes	  with	  a	  enzyma9c	  ac9vity	  that	  was	  not	  
obtained	  by	  computa9onal	  analysis	  	  
DL	  query:	  	  
‘Mammalia	  [taxid:	  40674]’	  that	  inverse(has_taxid)	  some	  (gene	  that	  'has	  func9on'	  
some	  (func9on	  that	  inverse(go_term)	  some	  ('has	  evidence'	  some	  not('inferred	  by	  
electronic	  annota9on')))	  
-‐>	  	  subclass	  reasoning	  with	  disjunc9on,	  inverse	  property	  and	  nega9on	  
	  



SPARQL-‐DL	  
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Q9:	  retrieve	  orthologous	  human	  and	  mouse	  genes	  annotated	  with	  func9on	  to	  bind	  ATP	  	  
	  
Type(?human_gene,	  gene),	  	  
Type(?mouse_gene,	  ‘gene’),	  	  
Type(?homologene_group,	  HomoloGene_Group),	  	  
PropertyValue(?human_gene,	  has_taxid,	  ‘Homo	  sapiens’),	  PropertyValue(?
mouse_gene,	  has_taxid,	  ‘Mus	  musculus’),	  	  
PropertyValue(?human_gene,	  ‘has	  func9on’,	  ‘ATP	  binding’),	  PropertyValue(?
mouse_gene,	  ‘has	  func9on’,	  ‘ATP	  binding’),	  PropertyValue(?homologene_group,	  
has_gene,	  ?human_gene),	  PropertyValue(?homologene_group,	  has_gene,	  ?
mouse_gene)	  	  



Availability	  &	  Future	  work	  
•  hip://seman9cscience.org/projects/gene-‐world	  	  

•  Try	  this	  dataset	  with	  different	  reasoners	  :	  reasoner-‐world?	  

•  Generate	  informa9ve	  sta9s9cs	  for	  reasoner	  developers	  and	  
develop	  variants	  based	  on	  evalua9on	  need	  
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