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Introduction

A wealth of protein point mutation information is 
contained exclusively within the scientific 
literature and not in any curated database. Text 
mining can be used to extract such information 
without manually reading all the articles.  We 
have previously developed a program, Mutation 
GraB, which identifies and extracts point 
mutations from journal literature.  Our goal is to 
understand the underlying mechanisms of 
heritable disorders by analyzing the effects of 
protein point mutations.  We first downloaded 
articles related to cystic fibrosis mutations and 
extracted the point mutations within.  Then we 
searched the point mutation-containing sentences  
for verb phrase patterns to analyze the effects of 
the point mutations.

Background
Cystic Fibrosis is a disease caused by mutations 
in the cystic fibrosis transmembrane conductance 
regulator (CFTR) protein.  It affects approximately 
30,000 people in the United States, and 10 million 
other Americans are carriers for the defective 
gene.  The defect in the CFTR protein, which is a 
Cl- channel, manifests itself in many different 
disease phenotypes, from mucus buildup in the 
lungs to decreased sperm production in males.  
While 70% of CFTR mutations in the population 
are ∆F508, over 1400 mutations have been 
found.  It would benefit the CF community to be 
able to characterize the functional effects of the 
point mutations.  

Objectives
Identify and extract point mutations from CF 
related articles retrieved from PubMed.1

2 Compare text-mined mutations to those 
contained in manually curated databases.

3 Extract the functional effects of the point 
mutations.
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CFTR Protein Point Mutations by Amino Acid Position

Methods
Point 

Mutation
Journal 
Article

Point Mutation-Containing 
Sentences

POS-tagged Sentences

MedPost POS tagger

Chunked Sentences

OpenNLP Treebank Chunker

Mutation Verb 
Phrase Noun Phrase

Extract Pattern

[ADVP Here/RB ] [NP we/PRP ] [VP examine/VBP ] [NP the/DT intracellular/JJ 
trafficking/VBG ,/, degradation/NN ] ,/, and/CC [NP transmembrane/JJ 
topology/NN ] [PP of/IN ] [NP two/CD mutant/JJ CFTR/NN proteins/NNS ] ,/, 
[NP G85E/NN and/CC G91R/NN ] ,/, [NP each/PRP ] [PP of/IN ] [NP which/
WDT ] [VP contains/VBZ ] [NP an/DT additional/JJ charged/JJ residue/NN ] [PP 
within/IN ] [NP the/DT first/JJ putative/JJ transmembrane/JJ helix/NN ] (/
( [NP TM1/NN ] )/) ./.

Here we examine the intracellular trafficking, degradation, and 
transmembrane topology of two mutant CFTR proteins, G85E and G91R, each 
of which contains an additional charged residue within the first putative 
transmembrane helix (TM1).

Here/RB we/PRP examine/VBP the/DT intracellular/JJ trafficking/VBG ,/, 
degradation/NN ,/, and/CC transmembrane/JJ topology/NN of/IN two/CD 
mutant/JJ CFTR/NN proteins/NNS ,/, G85E/NN and/CC G91R/NN ,/, each/PRP 
of/IN which/WDT contains/VBZ an/DT additional/JJ charged/JJ residue/NN 
within/IN the/DT first/JJ putative/JJ transmembrane/JJ helix/NN (/( TM1/
NN )/) ./.

G91R

G85E

contains
an additional charged residue 

within the first putative 
transmembrane helix (TM1)

1

2

3

4

Example
1

2

3

4

Identify sentences 
which contain point 
mutations.

Use the MedPost POS 
tagger to tag part-of-
speech for each word.

Use the OpenNLP 
Treebank Chunker to 
chunk words into 
phrases.

Identify 
<MP><VP><NP> 
pattern where MP is the 
noun phrase containing 
the point mutation

Verb Count
is 209
was 184
associate 131
are 131
show 116
found 107
were 107
use 103
be 100
had 94
exhibit 82
increase 81
have 76
occur 73
cause 73
detect 66
describe 65
suggest 58
reduce 57
report 54

Noun Count
the mutation rate 36
unknown total 26
28 % of frameshift mutations 25
an elucigene cf20 kit 24
snp typing with a masscode system 22
this study 22
the portuguese population 20
the cystic fibrosis genetic analysis consortium 19
it 16
disease-associated microsatellite t5-7 14
genistein 14
they 14
ivs8-6t cftrdele2 12
that 12
cf 11
congenital bilateral absence of the vas deferens 11
reverse dot blot strips 11
the instructions of highsmith et al. 11
variant ivs8-5t 11
alone 10

Most Frequent Verbs and Nouns

12529365 N287Y

10516113 G551D

15729345 R555K

11741825

V317Q

V317E

12732620

V456F

D443Y

Q414X

A455E

Q452P

9188468

S549R

15923638

F508del

11882668

K464A

K1250A

12110684

G550E

I539T

9512029

R347E

R347H

K335H

K335E

R334E

R334H

G91R

K335D

K95D

G551S

G314E

G314Q

12952861

M470V

N1303K

E217G

G542X

Q1352H

10792060

E822K

A800G

R792G

E826K

S660A

15176679

G85E

11278980 S1455X

15490240

8707306

R1158X

R334W

R1162X

E585X

12404105 R75Q

9921909

V754M

D1270N

I506V

G576A

R74W

R668C

15287992

I148T

V201M

R553Q

9252549 S768A

S813A

15537638

L346P

11504857

10601093

R1453W

15121783
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the disease phenotype

66 % of worldwide cystic fibrosis

only 0.11 % of the CF alleles in a sample of 3,710 patients

genistein

any time after addition ( gel & k , peak value of ( g & during activation

PKA

CFTR F  G550D

open burst duration

gating

the splicing pattern

the domain folding yield compared with the wild-type NBD1 in vitro

Fig. 4

opening

processing

the properties of CFTR

the intensity of the disease association

the intensity of disease association

local CFTR TM5  6 structure to such an extent

highly conserved residues among five species

the second functional site for ATP

the second functional site

the opening rate

CFTR conduction properties

the protein expression levels in

the protein expression levels in WT- or Q1352H-CFTR

the maturation of CFTR in

the binding affinity of

channel properties

the RR

the sequence of permeability ratios

the permeability ratios for Br

anion selectivity

a surface

the polarization of CFTR in epithelial cells

the binding of IBMX to CFTR F508

pancreatic sufficiency

NHE3

mild CF disease

this haplotype in previous studies

sarcoidosis in our study group

a pancreatic sufficient phenotype

severe CF

PS

a severe phenotype

bronchiectasis

severe CF phenotypes

a mild functional defect of CFTR channel activity

CFTR

haplotype 23-33-13

different haplotypes for diallelic and microsatellite

the same microsatellite haplotype 16-7-17

haplo-

haplotypes 1731-13 and 16-32-13

p.R74W on the same allele

a CF phenotype

cis with another mutation

a frameshift mutation c.3395insA in exon 17b

a CF phenotype with normal chloride concentration in sweat test

cis with complex allele

the cause of CF

true CF  CBAVD mutations

moderately voltage dependent

bronchiectasis patients

the most notable mutation in both case–control

nonsense

the same for all of the CFTR variants

a consequence of its rapid degradation at the ER and of accelerated removal of the channel from post-Golgi compartments

a CBAVD patient

a causative mutation for CF

or greater than that of the phosphorylated wild-type channels

the most effective

an intrinsic property of the mutant channel

over 100 times more common in two independent U.S. carrier screening programmes than in CF patients

three of 26 cases of the Italian study

a CFTR gene mutation

site

the deletion

allele 7 for IVS6A

p.V201M on this allele

the same gene as p.F508del

premature translational termination or failure of the TM5– 6

CF

a 60–80 % reduction in CFTR-dependent ClÀ currents

exon exclusion

an almost complete inclusion on the exon

a hyperpolarization of

reduction in both protein expression and channel activity of CFTR.25 This mutation

clinical disease by

the ATP dependence at concentrations in excess of the reported dissociation constant

a valine for a methionine in the third transmembrane domain

Article→Mutation→Verb→Noun Relationship

A graph showing the relationships 
between the articles, point mutations, 
verbs, and noun phrases.

The leftmost column represents the 
article PMIDs, the second column shows 
the point mutations, third column shows 
the verbs, and the right-most column 
shows the noun phrases.

The black lines represent positive verb 
associations (i.e. "increase") while the 
red lines represent negative ones (i.e. 
"does not increase").

Results and Future Work
We downloaded 536 CFTR mutation articles from 
PubMed and ran Mutation GraB on the set.  We were 
able to retrieve 3792 protein point mutation terms 
representing 593 unique point mutations.  Examining 
these point mutations against those in the CFTR 
Mutation Database and Swiss-Prot shows that many 
unique point mutations are not within the curated 
databases.  Our preliminary mutation effect extraction 
efforts show that verb and noun phrases related to the 
point mutation can be identified. Future work involves 
developing a method to find the most relevant verb and 
noun phrases. 
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