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The biomedical literature is massive...

Number of new PubMed-indexed articles Over 29 million articles
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... but it is very difficult to query and compute on



Information extraction from biomedical text

Named entity recognition (NER)

DISEASES

GENES

VARIANTS

DRUGS

.. We report a case of familial
systemic mastocytosis with the rare
KIT KS09I germ line mutation. In
vitro treatment with imatinib,
dasatinib and PKC412 reduced cell
viability of primary mast cells
harboring KIT K509l mutation. Both
patients with familial systemic
mastocytosis had remarkable
hematological and skin improvement

after three months of imatinib

y

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

Relationship extraction

/ causes\ feats

Mutation
of Familial systemic dasatinib
\ mastocytosis
PKC412

K509| — CaUSes
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Mutation causes Familial systemic mastocytosis

K509l Mutation of KIT
K509l Causes Familial systemic mastocytosis
Imatinib Treats Familial systemic mastocytosis
Imatinib Inhibits KIT
Dasatinib  Inhibits KIT
PKC412 Inhibits KIT


http://www.ncbi.nlm.nih.gov/pubmed/25139846
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DOOA

WIKIDATA

Gene Wiki Project

Building an open knowledge
graph for all biomedical
information within Wikidata

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

NMiyVerkentints

MyVariant.info

Building high-performance web
services for annotations of
human genetic variants

More info:
http://myvariant.info
http://biothings.io

Chunlei 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?




Experts versus crowd for concept identification
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593 PubMed abstracts

6,900 mentions of
“disease concepts”

(Dogan et al, 2014)

F=0.87

Good et al, 2015



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

Experts versus crowd for concept identification
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593 PubMed abstracts
(Dogan et al, 2014)

F=0.87

* 9 days
145 workers

6,900 mentions of
“disease concepts

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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Push research forward
and discover cures faster.

START NOW

Let's help scientists organize biomedical

knowledge and uncover hidden links. (BETA-EXPERIMENT)

If you can READ, you can HELP
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http://mark2cure.org




Paid crowdsourcing

« F=0.87
* 9days
145 workers

« Cost: $630.96

Citizen Science

10

“Help science, please”

- F=0.84
« 28 days
o« 212 workers

« Cost: $0 (***)

Tsuenq et al, 2016



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

Does Citizen Science scale?

Number of annotation e
events per year needed CU‘éE
1,000,000 articles * 10 AE / article 1 5 828
— y
10,275 AE * 365 days volunteers
212 annotators* 28 days needed

Number of annotation

events per year
per volunteer done

AE = Annotation events



GALAXY Z®O..
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460,000
volunteers

1,000,000+

volunteers

Welcome 10 Gataryl e progect mhach hapesses y.-L... of e remet - mruvm 1o Caaity &
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Source: htto://www.flickr.com/photos/bcmphoto/11088 7045/






Bertrand was the first case of
NGLY 1, but he is not alone.
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1,300 contributors
3,200 documents
/87,400 annotations

A preliminary view of the NGLY1-
focused co-occurrence network

ALACRKRIMA  ALLGROvE
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Question: Can crowdsourcing and
citizen science be used for relationship
extraction in biomedical texts?




wane | GATIACA  Tak Pages
i Relation Module R

Gone.Disease Relatonshps Tey it outl Remember, don T usé outscde indormaton e the relationship between TTR and Famdadl amylodote
polyneurcpathy. but you're wolcome 10 ook up amything ¢ise (Eg- TTR. crest syndrome. multple myeioma, ol )

Use the menu In the box below 10 help relate the two concepts:

o relates to (may) exacerbate(s) — o
TTR - Familial
has no relation to (may) increase(s) risk of amY'O‘dOtlc
' ——— polyneuropathy
cannot be determined
(may) prevent(s)
other relation, or relation unclear

Together with a case presenting in a patient with multiple myeloma, we describe 2 unique presentations including
1 associated with CREST syndrome in a patient with a previous history of breast carcinoma and another, also
associated with cancer, with transthyretin deposits in a woman with a TTR gene mutation and a family history of

familial amyloidotic polyneuropathy.



147 volunteers
15,739 annotations
1009 concept pairs

Number of Tasks by User
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Voter Threshold vs Accuracy
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Total Users Marked

sample #

Red/pink = crowd disagreement with expert O
Green / other = crowd agreement with expert ()

[l relation with misdiagnosis
[l drug is altered in disease
B drug failed
B partial relationship
Il has awilable specific relationship
B drug test for gene linked to disease
M concept wrong
B relation investigation in text
Il concepts vaguely related
B drug is diagnostic reagent
I gene resistance association
gene resistance is disease
 nonspecific relation in text
[l gene resistance associated with disease that is oten misdi
[l chem indirect relation to disease
. drug treats overarching disease
[l disease confers resistance to drug
Il chemical is reagent for diagnostic test for different disease
B chemical substrate for gene associated with disease
i

W gene is marker
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https://pixabay.com/en/thought-idea-innovation-imagination-2123970/
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Citizen Scientists bring enthusiasm and energy

https://pixabay.com/illustrations/world-children-s-day-festival-520272/
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With training, they can F%2:
'be skilled members

https://www.flickr.com/photos/castellersdevilafranca/39681358724



Mark2Cure is a hammer...
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Ben Good

SBP

Hudson Freeze

Leftwich family

Mexco

Crowd volunteers and
partners worldwide
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The Free Encyclopedia
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Matt Might &
Might family
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National Center
for Advancing
Translational Sciences

NIH Big Data to
Knowledge (BD2K)




Why do | Mark2Cure”?

| am retired, have a doctorate in
In memory of my daughter medical humanities, and have two

who had Cystic Fibrosis children with Gaucher disease. |
am just looking for some way to

put my education to use.

Studied biology in

college and | really :
';)/'g’ 4 year <|>_'<? dauggterd | Mark2Cure in memory of
oebe Is living with an my son Mike who had type 1

battling rare disease. _
diabetes.

| have Ehlers Danlos Syndrome. | hope to help people Take pa_rt In
learn about this painful and debilitating disorder, so that somethlng that

others like me can receive more effective medical care. helps humanity.



