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Overview

CytoSailing
Interactive IE system that help biologists build 
protein-protein interaction networks from 
MEDLINE

Hiiragi
IR system that allows for searches based on 
predicate-argument relations



Biomedical Knowledge and Text
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CytoSailing
NLP technologies

Part-of-speech tagging
Tuned to biomedical text – 97-98% precision

Dictionary-based named-entity recognition
All the recognized entities have IDs.

Deep parsing
Predicate argument relations

PPI extraction with machine learning
SVM + predicate-argument features 



Information Source of CytoSailing

MEDLINE
Literature database covering most of the papers in the 
biomedical domain

Number of entries 15 million
Number of abstracts 7.5 million
Number of sentences 70 million
Number of words 1.4 billion



CytoSailing



Part-Of-Speech Tagging

GENIA tagger assigns POS tags to tokens.
Specifically tuned to biomedical text 

97-98% precision

The peri-kappa  B   site  mediates human immunodeficiency
DT     NN      NN  NN     VBZ      JJ             NN

virus  type    2   enhancer  activation  in  monocytes …
NN   NN   CD      NN        NN      IN      NNS



UMLSGENA

A normal serum CRP measurement does not 
exclude deep vein thrombosis

Entity Recognition

Class: protein
ID: GHS003134
Name: C-reactive 
protein

Class: disease
ID: C0340708
Name: deep 
vein thrombosis

Gene dictionary Disease dictionary



Deep Parsing

“A normal serum CRP measurement does not 
exclude deep vein thrombosis. ”

Enju

HPSG parser



Predicate-argument relations
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Normalization with predicate-
argument structure



Extracting protein protein interactions

(Yakushiji, 2005)

ENTITY1 ENTITY2
protein interact with non-polymorphic regionof MHCII

argM arg1 arg1 arg2 arg1 arg2

arg1

CD4

CD4 protein interacts with non-polymorphic regions of MHCII .
ENTITY1 ENTITY2

Extraction patterns based on predicate-argument relations

Machine learning with SVM



Evaluation with the AImed corpus (Bunescu et al., 2004)
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Extracting protein protein interactions



Parsing the MELDINE corpus
70 million sentences in total

2 years to finish with a parser that can parse one 
sentence per second

Parallel processing
GXP (Taura, 2004)
PC cluster: 340CPUs



HPSG Parsing in Parallel with GXP

Divide the files
10,000 files
7000 sentences/file

Parse in Parallel
Round robin

Concatenate files

2 CPU x 111 nodes

2 CPU x 64

Istbs cluster (Eng. bld. 14)

Sheep cluster (Kashiwa)Kototoi cluster (Sci. bld. 7)



Task Progress

Finished in 
9 days



Overview

CytoSailing
Interactive IE system that help biologists build 
protein-protein interaction networks from 
MEDLINE

Hiiragi
IR system that allows for searches based on 
predicate-argument relations



Hiiragi

Subject:
p53

Predicate: 
activate

Object:
any



Hiiragi system overview

Input
Textbase

Deep 
parser

Entity 
Recognizer

Semantically-
annotated
Textbase

RegionAlgebra
Search engine

Query Search
results

Off-line

On-line



Ontology of Event Verbs

Event type Expressions
influence effect, affect, role, response, …

regulation mediate, regulate, regulation, …

activation induce, activate, activation, …

: :



Evaluation of IR performance

Queries
10 queries

Answers
100 sentences for each query

Judgment
One biologist

Compared with keyword search



Queries used in the experiment

Query No. Users’ input
1 <something> inhibit ERK2
2 <something> trigger diabetes
3 adiponectin increase <something>
4 TNF activate IL6
5 dystrophin cause <disease>
6 macrophage induce <something>
7 <something> suppress MAP phosphorylation
8 <something> enhance p53 (negative)



Performance
Semantic searchQuery No. Keyword search

Precision Recall
1 71% 97% 

87% 
79%
98%
98%
72%
80%

48% 
2

88%

38% 48%
23%
12%
73%
27%
41%
11%

3 79%
4 50%
5 51%
6 27%
7 17%
8 36%



Errors (false positive)

Type of error Freq.

Term recognition error 28

Parsing error 15

Need to analyze noun phrase structure 12

Other 8



Examples of errors

Term recognition error
“Reduced TNF-alpha secretion cause resistance of 
db / db mice to endotoxin”

Noun phrase structure
“Nitric oxide, released by activated macrophages
and endothelial cells, induces another type of 
apoptosis. ”

Diabetes? No.

“macrophages” is not the head of the phrase



Errors (false negative)

Type of error Freq.

Nominal expression 26

Compound verbs 14

Parsing error 9

Shortage of event verbs 8

Coreference resolution required 12

Other 14



Examples of errors

Nominal expression
“The inhibition of ERK1 and ERK2 had no effect 
on the induction of Prx I expression .”

Compound verb
“The gluconeogenic pathway contributes to the 
fasting hyperglycemia of type II diabetes. ”



Summary

CytoSailing
Interactive IE system for PPI
http://www-tsujii.is.s.u-tokyo.ac.jp/CytoSailing/

Hiiragi
IR system based on predicate-argument relations
http://www-tsuiji.is.s.u-tokyo.ac.jp/Hiiragi/



Thank you



CytoSailing

Interactive information extraction system for 
building gene-gene interaction networks
System components

Hiiragi
PPI extraction by SVM
Multi-window system

(demo)



Hiiragi
Information retrieval based on predicate-argument 
structure
System components

GENIA tagger
Enju (HPSG parser)
Dictionary-based named-entity recognition
Retrieval engine based on region algebra 

(demo)



HPSG parser

Enju
Wide coverage HPSG parser
Accuracy on the Penn Treebank

precision 87.12% recall 85.45%
Publicly available

http://www-tsujii.is.s.u-tokyo.ac.jp/enju/

Performance on the GENIA corpus
original: 85.1 (f-score)
tuned: 86.9 (f-score)

http://www-tsujii.is.s.u-tokyo.ac.jp/enju/
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