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The biomedical literature is massive…
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… but it is very difficult to query and compute on



Information extraction from biomedical text
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… We report a case of familial 
systemic mastocytosis with the rare 
KIT K509I germ line mutation. In 
vitro treatment with imatinib, 
dasatinib and PKC412 reduced cell 
viability of primary mast cells 
harboring KIT K509I mutation. Both 
patients with familial systemic 
mastocytosis had remarkable 
hematological and skin improvement 
after three months of imatinib 
treatment. 

Leuk Res. 2014 Oct;38(10):1245-51. doi: 10.1016/j.leukres.
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Dasatinib Inhibits KIT

PKC412 Inhibits KIT

Named entity recognition (NER)
Relationship extraction

http://www.ncbi.nlm.nih.gov/pubmed/25139846
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Goal: Assemble a network of biomedical 
knowledge that is comprehensive, 
current, computable and traceable.
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Gene Wiki Project

Building an open knowledge 
graph for all biomedical 

information within Wikidata

More info: 
http://bit.ly/wikidata-gene-wiki

MyVariant.info

Building high-performance web 
services for annotations of 

human genetic variants

More info: 
http://myvariant.info

http://biothings.ioChunlei Wu

http://bit.ly/wikidata-gene-wiki
http://myvariant.info/
http://biothings.io/


Question: Can a group of non-scientists 
collectively perform named entity recognition 

(NER) in biomedical texts?
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Experts versus crowd for concept identification

593 PubMed abstracts 
(Doğan et al, 2014)

6,900 mentions of 
“disease concepts”

F = 0.87F = 0.78

$$$

Good et al, 2015

https://www.ncbi.nlm.nih.gov/pubmed/24393765
https://psb.stanford.edu/psb-online/proceedings/psb15/good.pdf
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Experts versus crowd for concept identification

593 PubMed abstracts 
(Doğan et al, 2014)

6,900 mentions of 
“disease concepts”

F = 0.87F = 0.87

$$$

• 9 days

• 145 workers

• Cost: $630.96 Good et al, 2015

https://www.ncbi.nlm.nih.gov/pubmed/24393765
https://psb.stanford.edu/psb-online/proceedings/psb15/good.pdf
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http://mark2cure.org
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Paid crowdsourcing

• F = 0.84
• 28 days
• 212 workers
• Cost: $0 (***)

$$$

• F = 0.87
• 9 days
• 145 workers
• Cost: $630.96

“Help science, please”

Citizen Science

Tsueng et al, 2016

https://theoryandpractice.citizenscienceassociation.org/articles/10.5334/cstp.56/


Does Citizen Science scale?
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1,000,000 articles * 10 AE / article 15,828 
volunteers 

needed
10,275 AE * 365 days

212 annotators* 28 days 

AE = Annotation events

=

Number of annotation 
events per year needed

Number of annotation 
events per year 

per volunteer done



Other Citizen Science initiatives (vision focused)
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Source: Alex Norton, Seung Lab, MIT

1,000,000+ 
volunteers

37,000 
volunteers

460,000 
volunteers

200,000 
volunteers



Source: http://www.flickr.com/photos/bcmphoto/110887045/



Source: http://www.flickr.com/photos/tsoumplekas/7248449256/
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http://mark2cure.org
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A preliminary view of the NGLY1-
focused co-occurrence network

1,300 contributors
3,200 documents 
787,400 annotations



Question: Can crowdsourcing and 
citizen science be used for relationship 

extraction in biomedical texts?
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147 volunteers
15,739 annotations
1009 concept pairs 





Red/pink = crowd disagreement with expert
Green / other = crowd agreement with expert
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A few 
thoughts…

https://pixabay.com/en/thought-idea-innovation-imagination-2123970/
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Citizen Scientists bring enthusiasm and energy
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With training, they can 
be skilled members 
of a team...
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Mark2Cure is a hammer…

… in search of nails

https://pixabay.com/photos/hammer-white-tool-equipment-repair-451987/
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Micelio

Matt Might & 
Might family

UAB
Estenik family

Crowd volunteers and 
partners worldwide

Leftwich family

SBP

Hudson Freeze

Ginger 
Tsueng

Ben Good

Max NanisJennifer 
Fouquier



Why do I Mark2Cure?
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I am retired, have a doctorate in 
medical humanities, and have two 
children with Gaucher disease. I 
am just looking for some way to 
put my education to use. 

My 4 year old daughter 
Phoebe is living with and 
battling rare disease. 

I have Ehlers Danlos Syndrome. I hope to help people 
learn about this painful and debilitating disorder, so that 
others like me can receive more effective medical care.

Take part in 
something that 
helps humanity.

I Mark2Cure in memory of 
my son Mike who had type 1 
diabetes.

Studied biology in 
college and I really 
miss it!

In memory of my daughter 
who had Cystic Fibrosis

Give back


