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Few genes are well annotated…
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… because the literature is sparsely curated?
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… because the literature is sparsely curated?
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Average capacity of human scientistNumber of articles read by typical scientist
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82,063 articles (0.4% of PubMed)
have been cited by GO annotationshave been cited by GO annotations
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0

Sooner or later, the 
research community will 

need to be involved in the 0annotation effort to scale 
up to the rate of data 

generation.



The Long Tail is a prolific source of content
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Short
HeadHead

Content 
produced

Long Tail

Contributors (sorted)Contributors (sorted)

News reporting:
Video:

Product reviews:
Food reviews:

Newspapers
TV/Hollywood

Consumer reports
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YouTube
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Judging:
Food critics
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Wikipedia is reasonably accurate
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Wikipedia has breadth and depth
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Articles

Words
(millions)

Words/ 
article

Wikipedia Britannica Online

http://en.wikipedia.org/wiki/Wikipedia:Size_comparisons, July 2008
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We can harness the 
Long Tail of scientists 
to directly participate in 

the gene annotation 
processprocess.



Gene “stubs” seed community contributions
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Protein structureProtein structure
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Linked 
references
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Idea: Jan 2007
Prototype: Mar 2007
Ver 1.0 bot: Nov 2007



Wiki success depends on a positive feedback
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A review article for every gene is powerful
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Reelin: 68 editors 543 edits since July 2002Reelin: 68 editors, 543 edits since July 2002
Heparin: 175 editors, 320 edits since June 2003
AMPK: 44 editors, 84 edits since March 2004

References to the literature

,
RNAi: 232 editors, 708 edits since October 2002

Hyperlinks to related concepts



Filtering, extracting, and summarizing PubMed



Gene Wiki has a diverse critical mass of readers
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UtilityRank 1001-1010: Specialists
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Readership is poised to grow
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The Gene Wiki has a critical mass of editors
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In Jan – Jun 2010In Jan Jun 2010 …

… 7474 edits were made by 2109 unique users 
total increase in text ≈ 20 PLoS Biology research articles… total increase in text  ≈  20 PLoS Biology research articles



Making the Gene Wiki more reliable
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WikiTrust principles:
• Authors who contribute long-lived content tend to be trustworthy
• Added content initially inherits the trust of its author
• Content persisting over time becomes more trusted
• Highlight untrusted text

11:10, 19 May 2008

http://www.wikitrust.net/



Making the Gene Wiki more computable
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Structured annotations



Making the Gene Wiki more computable (Part I)
2121

Generation Representation UtilizationGeneration Representation Utilization

Unstructured
Structured “Semantic Wiki Links”Semantic Wiki Links

Data mining/
statistics

Structured 
gene 

annotations statistics

Semantic
Gene Wiki

See poster from 
Salvatore Loguercio



Making the Gene Wiki more computable (Part II)
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Structured annotationsFree text

!



Mining community-contributed content

Text links andText, links, and 
citations



Example  text from 5-HT1A receptor

Snippet from article on 5‐HT1A receptor:
“…5‐HT1A receptor agonists decrease 
blood pressure and heart rate or cause 
hypotension via a central mechanism, 
b i d i i h l dil ti

pp 1A p

by inducing peripheral vasodilation, 
and by stimulating the vagus nerve…”



Example  text from 5-HT1A receptor

Receptor
Agonists Heart rate

Blood pressureBlood pressure

Snippet from article on 5‐HT1A receptor:

Vasodilation

“…5‐HT1A receptor agonists decrease 
blood pressure and heart rate or cause 
hypotension via a central mechanism, 
b i d i i h l dil ti

pp 1A p

by inducing peripheral vasodilation, 
and by stimulating the vagus nerve…”

Hypotension

Vagus nerve



Example  text from 5-HT1A receptor

Receptor
Agonists Heart rate

Blood pressureBlood pressure

Vasodilation5‐HT1A
treceptor

Hypotension

Vagus nerve
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Re-discovering common knowledge
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NCBI Entrez Gene: 3362

Gene Wiki 
mapping

Wikilink Candidate 
assertion

GO:0004993

assertion

GO exact 
synonym



Mining the most recent literature
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NCBI Entrez Gene: 57620

Gene Wiki 
mapping

Wikilink Candidate 
assertion

GO:0030154

assertion

GO related 
concept



Filling the gaps in gene annotation
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NCBI Entrez Gene: 334

Gene Wiki 
mapping

Wikilink Candidate 
assertion

GO:0006897

assertion

GO exact 
match



Associations mined from links and text

Gene Wiki Articles 
(10,163)

9% match 
parent

Filter out 

24% exact 
match

seeded text

3% t h
NCBO 

Annotator 
on text and 

64% have 
no match

3% match 
child

13,636 
did t

links

Compare to Matched GO terms

Prioritization

Literature mining

Orthology

candidate 
annotations

Co pa e to
GO database(20,233)

Literature mining

Computational 
prediction



Not just Gene Ontology mappings

Physiology Molecular sequences Chemicals and Drugs

Ph i l

Receptor Agonists
Heart rate

Blood pressure

Physiology

Vasodilation

Physiology

5‐HT1A receptor

Hypotension
VVagus nerve

Disorders

Anatomy

UMLS (Unified Medical Language System) Semantic Groups



Mapping to many biomedical semantic groups
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For community-based science, data is king
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Data without structure   is valuable, 
but structure   without data is not.



For community-based science, data is king
35

Data without structure   is valuable, 
but structure   without data is not.

X
X

Copy-editing
Wikipedia
WP:MCB, Boghog

Figures
Structure
Citations

X =
Artists and illustrators
Wiki links, infoboxes
DOI bot CitationBotCitations

Provenance
DOI bot, CitationBot
WikiTrust

Domain expert

Information scientistInformation scientist



The Gene WikiThe Gene Wiki
successfully harnesses the 

Long Tail of scientistsLong Tail of scientists 
for community annotation of 

gene function
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(*) See poster on 
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Thanks also to:
Christopher Roeder, U.Col.

C d Pl k G GMany Wikipedia editorsMany Wikipedia editors
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Conrad Plake, GoGene

Funding and Support

(BioGPS: GM83924, Gene Wiki: GM089820)
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