
ì	  Enabling	  Cross-‐Species	  Computation	  
on	  Phenotype	  in	  Plants	  	  
Carolyn	  J.	  Lawrence,	  Iowa	  State	  University	  



Preview	  

ì  Phenotype	  as	  a	  datatype	  

ì  Ontologies	  

ì  What’s	  possible	  (examples)	  

ì  What	  we	  can	  do	  to	  predict	  
plant	  biology	  

ì  Three	  slides	  
ì  Current	  trends	  
ì  OpportuniFes	  
ì  BoHlenecks	  

1	  



Phenotype	  

ì  A	  phenotype	  (from	  Greek	  phainein,	  'to	  show'	  +	  typos,	  'type')	  is	  
the	  composite	  of	  an	  organism's	  observable	  characterisFcs	  
or	  traits,	  such	  as	  its	  morphology,	  development,	  biochemical	  or	  
physiological	  properFes,	  phenology,	  behavior,	  and	  products	  of	  
behavior.	  A	  phenotype	  results	  from	  the	  expression	  of	  an	  
organism's	  genes	  as	  well	  as	  the	  influence	  of	  environmental	  
factors	  and	  the	  interacFons	  between	  the	  two.	  	  	  	  	  	  -‐wikipedia	  

ì  Phenotype	  is	  EVERYTHING	  
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Phenotype	  

ì  Extremely	  diverse	  data	  type	  (can	  range	  from	  expression	  profile	  to	  
behavior)	  

ì  Associated	  to	  individuals,	  populaFons,	  or	  species	  
ì  Different	  levels	  (summary,	  measurement	  data)	  
ì  Can	  be	  comparaFve	  (mutant	  vs.	  wild	  type)	  or	  absolute	  (days	  to	  

flowering	  of	  a	  culFvar)	  
ì  Data	  integraFon	  -‐	  needs	  extensive	  connecFons	  to	  other	  types	  of	  data	  

(e.g.,	  seed	  stocks,	  genes,	  experimental	  methods,	  publicaFons)	  
ì  Database	  schema	  and	  interface	  design	  
ì  Data	  representaFon	  -‐	  how	  to	  represent	  the	  data	  in	  a	  consistent	  way	  

across	  experiments,	  research	  communiFes,	  and	  species	  
ì  Data	  accessibility	  -‐	  how	  do	  we	  get	  data	  out	  of	  literature	  and	  into	  the	  

database?	  
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Ontologies	  

Metaphysics:	  	  
The	  study	  of	  being	  or	  
existence	  

scholarsresource.com	  

Biological	  applica4ons:	  A	  structured	  
vocabulary	  that	  includes	  definiFons	  
of	  terms	  in	  a	  domain	  and	  
relaFonships	  among	  them	  

Pujar	  et	  al.,	  2006	  Plant	  Phys.	  
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Traits	  versus	  phenotypes	  

TO:petal	  color	  

PATO:color	   PO:petal	  

PATO:red	  

A	  trait	  is	  a	  
combinaFon	  of	  an	  
en4ty	  and	  an	  
a8ribute.	  
Example:	  petal	  color	  
	  
A	  phenotype	  is	  a	  
combinaFon	  of	  a	  
en4ty	  and	  a	  value.	  
Example:	  red	  petals	  

trait:	  
petal	  color	  

phenotype:	  
red	  petals	  

is_a	  
inheres_in	  

enFty	  

value	  

aHribute	  
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Characters	  and	  character	  states	  

PATO:color	   PO:petal	  

PATO:red	  

A	  character	  is	  a	  
combinaFon	  of	  an	  
en4ty	  and	  an	  a8ribute.	  
Example:	  petal	  color	  
	  
A	  character	  state	  is	  a	  
value.	  Meaningless	  
without	  the	  enFty	  from	  
the	  character	  
Example:	  red	  

character:	  petal	  color	  

enFty	  

character	  state:	  
red	  

value	  

aHribute	  

is_a	  
inheres_in	  
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What	  does	  this	  look	  like?	  

EnFFes	   QualiFes	  Phenotypes	  

tassel	  inflorescence	  |	  decreased	  size	  
	  

juvenile	  vascular	  leaf	  |	  fused	  

Semantic	  similarity	  of	  two	  phenotypes	  can	  
be	  estimated	  based	  on	  the	  proportion	  of	  
the	  ontology	  pathways	  that	  they	  share	  
(grey	  boxes).	  	  
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What	  does	  this	  look	  like?	  
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Does	  it	  matter	  what	  we	  call	  these	  entity/
quality	  associations?	  

ì  It	  doesn’t	  really	  maHer	  (to	  a	  
computer)	  which	  word	  you	  use	  
(trait,	  phenotype,	  or	  
character),	  as	  long	  as	  you	  
logically	  define	  your	  terms	  and	  
specify	  the	  data	  structure	  
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Aren’t	  we	  losing	  something	  by	  using	  
general	  terms?	  
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Why	  on	  EARTH	  would	  we	  want	  to	  go	  to	  all	  
this	  trouble?!?	  

ì  IdenFficaFon,	  through	  the	  similarity	  of	  recorded	  phenotypes,	  of	  other	  alleles	  
of	  the	  same	  gene,	  other	  members	  of	  a	  signaling	  pathway,	  and	  orthologous	  
genes	  and	  pathway	  members	  across	  species:	  Washington	  et	  al.	  2009,	  PLoS	  
Biol	  7(11):	  e1000247.	  -‐>	  Novel,	  testable	  predicFons!	  

ì  PredicFon	  of	  Arabidopsis	  negaFve	  gravitropism	  as	  a	  model	  for	  human	  
Waardberg	  disease	  (ear	  development)	  from	  phenolog	  associaFons	  (ancient	  
vesicle	  trafficking	  system):	  McGary	  et	  al.	  2010,	  PNAS	  107(14):	  6544–6549.	  -‐>	  
IdenFficaFon	  of	  new,	  tractable	  model	  systems!	  

ì  By	  expansion	  to	  cross-‐species	  inference,	  predicFng	  novel	  players	  in	  geneFc	  
networks	  is	  possible	  (e.g.,	  response	  to	  vernalizaFon)	  Woods	  et	  al.	  ,	  BMC	  
BioinformaFcs	  2013,	  14:203.	  -‐>	  FuncFonal	  predicFon	  for	  uncharacterized	  
genes!	  
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What	  we	  can	  do	  to	  predict	  plant	  biology	  

Dwarf	  plants	  

Rolled	  leaves	  

In	  the	  absence	  of	  sequence-‐based	  homology,	  shared	  mulFdimensional	  aHributes	  
(complex	  biologically	  relevant	  associaFons)	  among	  characterized	  and	  
uncharacterized	  genes	  enables	  discovery	  of	  novel	  genes	  that	  potenFally	  cause	  a	  
given	  phenotype.	  
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Plant	  Phenotype	  Pilot	  Project	  	  

Next	  steps:	  

•  Collect	  a	  broad	  set	  of	  phenotype	  descripFons	  for	  a	  representaFve	  set	  of	  plant	  species	  
•  IdenFfy	  ontologies	  to	  be	  used	  to	  describe	  phenotypes	  
•  Develop	  standardized	  format	  and	  best	  pracFces	  to	  ensure	  consistency	  
•  Translate	  phenotype	  descripFons	  into	  ontology	  statements	  

	  
•  Data	  analysis	  

•  Clustering	  of	  genes	  into	  pathways	  
•  Degree	  of	  correlaFon	  between	  sequence	  and	  phenotype	  
•  ComputaFonal	  predicFon	  of	  gene	  candidates	  for	  uncloned	  mutant	  genes	  and	  QTL	  

•  Apply	  lessons	  learned	  	  
•  Is	  the	  data	  set	  big	  enough?	  
•  Are	  the	  ontologies	  complete	  enough?	  
•  Is	  our	  annotaFon	  consistency	  good	  enough?	  
•  BeHer	  analysis	  methods?	  

Done	  or	  in	  progress:	  
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Three	  slides:	  

ì  Current	  trends	  and	  state-‐of-‐the-‐art	  

ì  OpportuniFes	  

ì  BoHlenecks	  and	  needs	  
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Current	  Trends	  and	  State	  of	  the	  Art	  

ì  High-‐throughput	  phenotyping	  within	  a	  
species/crop	  

ì  Clear	  transiFon	  from	  thinking	  that	  
genotype	  defines	  phenotype	  to	  
recognizing	  phenotypic	  plasFcity	  in	  
varied	  environments	  and	  need	  to	  codify	  
environment	  

ì  Interest	  and	  ability	  to	  compute	  on	  
phenotype	  across	  domains	  of	  life	  and	  
all	  described	  biological	  processes	  
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Opportunities	  

ì  Discover	  and	  complete	  biological	  
pathways	  and	  interacFon	  networks	  

ì  Predict	  potenFal	  phenotypes	  for	  
uncharacterized	  genes	  (guilt	  by	  
associaFon)	  

ì  Develop	  non-‐obvious	  models	  for	  
biological	  processes	  across	  taxonomic	  
boundaries	  
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Bottlenecks	  and	  Needs	  

ì  CreaFng	  the	  dataset(s)	  and	  integraFng	  
them	  takes	  curators	  (AKA	  well-‐trained	  
humans)	  

ì  Making	  data	  logically	  accessible	  takes	  
domain	  experts	  working	  with	  computer	  
scienFsts	  (AKA	  well-‐trained	  super-‐
humans)	  

ì  Embracing	  complexity!	  	  ‘Big	  Data’	  is	  not	  
limited	  in	  scope	  to	  enormous	  file	  size…	  
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Phenotypes	  are	  Big	  Data	  (?)	  

ì  Big	  Data	  is	  characterized	  as	  having	  extreme	  or	  variable	  values	  of	  one	  or	  
more	  of	  the	  following	  characterisFcs:	  	  
ì  Volume1	  (size)	   	   	   	  	  Sequence,	  SNPs,	  expression	  data	  
ì  Velocity1	  (acquisiFon	  rate)	   	  	  Images,	  sequence	  
ì  Variety1	  (structure)	   	   	  	  Data	  formats,	  alternaFve	  standards	  
ì  Variability2	  (in	  meaning)	   	  	   	  	  Nomenclature,	  ontologies	  
ì  Complexity3	  (in	  relaFonships) 	  	  MutaFon	  to	  genotype	  to	  phenotype…	  
ì  Veracity	  (quality	  or	  provenance)	   	  	  Gold	  standard	  datasets	  
ì  VolaFlity	  (changes	  over	  Fme) 	  	  Genome	  sequence	  assembly	  releases	  

	  1	  Doug	  Laney,	  "3-‐D	  Data	  Management:	  Controlling	  Data	  Volume,	  Velocity,	  and	  Variety,"	  2001.	  	  
	  2	  Brian	  Hopkins,	  "Blogging	  From	  the	  IBM	  Big	  Data	  Symposium	  -‐	  Big	  Is	  More	  Than	  Just	  Big,”	  2011.	  	  
	  3	  ValenFn	  T	  Sribar,	  et	  al.,	  "'Big	  Data'	  Is	  Only	  the	  Beginning	  of	  Extreme	  InformaFon	  Management,"	  2011.	  	  
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