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Defined Structure

A 123 T
wild-type position mutant
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Identify Mutation→Protein Pairs
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Mutants in which Asp138 was replaced by
Asn or Glu were poorly expressed, but
showed significantly increased
internalization and exhibited augmented
inositol phosphate generation to maximal
agonist stimulation compared with the wild
type receptor.

Replacing Ser140 with Ala affected
neither internalization nor signal
transduction. signal

transduction
¬affectS140A

internalization¬affectS140A

augmented
inositol
phosphate
generation

exhibitD138N

significantly
increased
internalization

showD138N
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Protein Disambiguation
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Graph-Bigram Search

mouseGnRH receptor

S151A

Lee LC, Horn F, Cohen FE (2007) Automatic Extraction of
Protein Point Mutations Using a Graph Bigram Association. PLoS
Comput Biol 3(2): e16 doi:10.1371/journal.pcbi.0030016
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Identifying Functional Effect
Containing Sentences
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Functional Description?

• What can be classified as a mutation
functional effect?
– Qualitative or quantitative change in the

biochemical, structural, enzymatic, and/or
physical properties of a protein.

– Change in properties of host cell, virus,
tissue, and/or organ.

– Change in interactions of protein with other
members of its environment.



Non-functional?

• Population genetics (prevalence)
• Patient screening



Functional Classification

Annotated
Sentences

Features

Classifier

Information
Gain (IG)

Classified
Sentences

Unannotated
Sentences

Unigrams
and/or

Bigrams

Naïve Bayes
or Maximum

Entropy



Sentence Datasets

1014999Total

476522“Non-functional”

538477“Functional”

Test SetTraining SetPubMed Abstracts

470564Total

302372“Non-functional”

168192“Functional”

Test SetTraining SetCF Full Text Articles



Information Gain (IG)
Change in entropy of a system when a variable is given.

IG(Class, Attribute) = H(Class) - H(Class | Attribute)

Annotated
Sentences

IG>10-5

class IVexon

Ca+patient

K1250Acftr

CF patientreduce

F508Delbind

stabilityactivate

inhibitA337T

mutateincrease

methodthat

class IVexon

Ca+patient

K1250Acftr

CF patientreduce

F508Delbind

stabilityactivate

inhibitA337T

mutateincrease

methodthat



Abstract Sentences
Naïve Bayes Classifier

0.8050.814Recall

0.8260.825F-measure

0.8490.836Precision

Unigram
+

Bigram
Unigram



Abstract Sentences
Maximum Entropy Classifier

0.7300.763Recall

0.8000.809F-measure

0.8830.862Precision

Unigram
+

Bigram
Unigram



CFTR Sentences
Naïve Bayes Classifier

0.9090.887Recall

0.8800.835F-measure

0.8590.789Precision

Unigram
+

Bigram
Unigram



CFTR vs. Abstract Sentences
Naïve Bayes

0.694 / 0.692CFTR Test Set

0.709 / 0.664Abstract Test Set

Tested O
n

CFTR Training SetAbstract Training
Set

Trained On
Unigram / Bigram



Errors/Improvements

• False positive/negative sentences tend
to be very short or very long.

• Semantic information not included.



Extracting Functional Effects
of Point Mutations
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Desired Information

9259312
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9259312

9259312

PMID

Q01776

Q01776

Q01776

Q01776

AC

signal
transduction

¬affectS140A

internalization¬affectS140A

augmented
inositol
phosphate
generation
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Methods
Function

containing
sentences

We chose to study the R117H CFTR, which is known
to localize to the cell surface and maintain normal PKA-
dependent activation but which has reduced single-
channel Cl conductance.

Medpost
POS

tagger

('We', 'PRP') ('chose', 'VBP') ('to', 'TO') ('study', 'VB') ('the', 'DT')
('R117H', 'NN') ('CFTR', 'NN') (',', ',') ('which', 'WDT') ('is', 'VBZ')
('known', 'VBN') ('to', 'TO') ('localize', 'VB') ('to', 'TO') ('the', 'DT')
('cell', 'NN') ('surface', 'NN') ('and', 'CC') ('maintain', 'VBP') ('normal',
'JJ') ('PKA-dependent', 'JJ') ('activation', 'NN') ('but', 'CC') ('which',
'WDT') ('has', 'VBZ') ('reduced', 'JJ') ('single-channel', 'NN') ('Cl',
'NN') ('conductance', 'NN') (‘.’, ‘.’)

Shallow
Parser



Methods (cont.)
(S:
  (NP: ('We', 'PRP'))
  (VP: ('chose', 'VBP') ('to', 'TO') ('study', 'VB'))
  (MP: ('the', 'DT') ('R117H', 'NN') ('CFTR', 'NN'))
  (',', ',')
  (NP: ('which', 'WDT'))
  (VP: ('is', 'VBZ') ('known', 'VBN') ('to', 'TO')
    ('localize', 'VB'))
  (NP:
    (PP: ('to', 'TO'))
    (NP: ('the', 'DT') ('cell', 'NN') ('surface', 'NN')))
  ('and', 'CC')
  (VP: ('maintain', 'VBP'))
  (NP: ('normal', 'JJ') ('PKA-dependent', 'JJ')
    ('activation', 'NN')) ('but', 'CC')
  (NP: ('which', 'WDT'))
  (VP: ('has', 'VBZ'))
  (NP: ('reduced', 'JJ') ('single-channel', 'NN')
    ('Cl', 'NN') ('conductance', 'NN'))
(‘.’, ‘.’))

Pattern extraction:

<MP><VP><NP>

reduced single-
channel Cl
conductance

hasR117H

normal PKA-
dependent
activation

maintainR117H

to the cell surfacelocalizeR117H

Noun PhraseVerbMutation



“Functional” Network
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Long Sentence

• We performed a case-control study to test the
association between two polymorphisms in
the hMSH2 gene: an A --> G transition at 127
position producing an Asn --> Ser substitution
at codon 127 (the Asn127Ser polymorphism)
and a G --> A transition at 1032 position
resulting in a Gly --> Asp change at codon
322 (the Gly322Asp polymorphism) and
breast cancer risk and cancer progression.



Short Sentences

• HBV with TCC at nucleotides 1856 to
1858 was associated with the G1898A
mutation (64%).

• Conversely, the BFD S26A variant was
unable to cleave benzoin.

• RafS621A downregulated ERalpha and
ERbeta expression.


