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What is Watson?

● Question Answering (QA) 

computing system

● Open domain datasets
○ Wikipedia

○ Twitter

○ Online Research Datasets
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● Data in published medical research
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● Case Study

● Conclusions
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The Problem
● Drug Discovery [1]

○ Massive Investment

○ 80% fail to gain 

approval of FDA.

● Pressure on Researchers

● A lot more data

○ Limitation: Scalability
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Limitation: Scalability 

● MEDLINE Corpus

○ U.S National Library of Medicine

○ 28 million+ abstracts

○ 5000+ journals

○ 1.8 million abstracts published annually

● Average Researcher

○ 250-300 articles in a given year

■ Time factors limit this
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Let Watson do (most of) the Work

The Need: Solution!!

6Figures from [5] and  [6]
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Understanding Data: Chemical Nomenclature
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Understanding Data: MeSH

● Medical Subject Headings

● Manually curated series of 

vocabulary terms
○ National Library of Medicine 
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● Assigned to articles and books
○ Index citations

○ Facilitate Search health information

Figure from [3]
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How Watson works
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How Watson Humans reason

● Observation

○ reading, listening, watching 

and other sensory inputs.

● Pre-existing 

knowledge
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Foundational Knowledge

● *Establish a unique corpus
○ Dictionaries of domain-specific 

knowledge
● Key Concepts in the medical field

○ Genes
○ Drugs
○ Diseases
○ Symptoms
○ Chemicals
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● Entity Types and Entity
● Examples

○ List of proteins associated 
with each gene. 

○ Approval status of drugs.
○ Synonyms
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Named Entity Recognition

● 1,3,7-trimethyl-purine-2,6-dione

● CHEMBL113

● “Caffeine is the world’s most widely consumed 

psychoactive drug…...the oral administration of 

CHEMBL113 was observed to. . . ” 

● Dictionaries
○ compound names

○ synonyms

● Rule-based approach

17Figure from [7]



Rule based-approach

● Context Rules
○ Prevent subterms to be extracted

■ “Carbon” in context of “Carbon Dioxide”

○ Acronyms

■ Numerous

■ Lack of consistency

■ Temporary definition
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Named entity Resolution

● General Normalization
○ Case normalization

■ Carbon, carbon, CARBON  → carbon

○ Accent normalization

■ é → e 

● Canonical form

● Normalization based on entity types
○ Chemicals, Compounds, Genes
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Gene Normalization

● “We show that PINK1 and 

Parkin promote Drp1-

dependent mitochondrial 

fission by mechanism that 

are least in part 

independent"

● Context terms

● MeSH terms

● Frequency of 

normalization

21Figure from [1]
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Semantic Relationship Extraction

● Relationship
○ Two distinct entities

■ Agent

■ Target

○ Domain-relevant verb or Trigger word

● Example
○ “The results show that ERK2 phosphorylated p53”.

● Normalization
○ “phosphorylated” → “phosphorylate”

○ “bring” or “overlap” → “association”
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Case Study

● Artificial intelligence in neurodegenerative disease research:use of IBM Watson to 

identify additional RNA-binding proteins altered in amyotrophic lateral sclerosis

○ 2017 study
○ Identifying proteins altered in ALS

● What is ALS?
○ Disease

■ loss of muscle control

○ No effective treatment

○ Linked to RNA binding proteins(RBPs) in patients
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Background

● RBPs
○ 1542 RBPs-encoding genes in human genome

○ 11 genes have shown mutations related to ALS

○ 6 other RBPs with alterations related to ALS 

■ Gene hasn’t been linked to a mutation

○ Less than 1% of RBPs have yet to be linked to ALS

● Hypothesis: 
○ Additional RBPs contribute to ALS

● Predict potential candidates

● Limitation
○ Only 1,478 RBPs were mentioned at least once in published abstracts
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Validating Watson

● Leave-one-out cross validation (LOOCV)
○ Applied an algorithm 11 times

○ A different RBP from known gene mutation is 

moved into the candidate set alongside the 

other 1,478 RBPs

● 90% of the known proteins ranked are 

in top 7 %

28Figure from [1]
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● Literature published up to 2012
○ 8 known RBPs linked to mutations

○ 1,439 out 1,487 RBPs 

● Goal:
○ How would Watson rank the other 

three ?

■ MATR3, ARGHEF28 and 

GLE1

■ Found 2013 - 2017

Retrospective Study

Figures from [1]



Retrospective Study Results

● Blue Box
○ Proteins with known gene 

mutations

● Red Box:
○ Altered proteins without 

known gene mutation

● Ranked in top 165 (11%) of 

candidate gene set

● What if Watson was used in 

2012 ?
○ MATR3 → May 2014

30Figure from [1]



Prospective Study

● 1478 RBPs and 11 known genes
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Altered proteins 
without known gene 
mutation

Figure from [1]



Validation and Results

● Validation
○ Positive control: 8 of the top 10 candidates

○ Negative control: Bottom 3 candidates (rank 1476-1478)

○ 4 different biological methods 

■ Show significant difference in at least two methods

● Results
○ 5/8 RBPs showed significant alterations.

○ No alternations in bottom RBPs
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Conclusion

● Powerful tool
○ Analyzing published literature at a scale

○ Better selection of candidates for further examination

● Widespread Adoption ?
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